
 
 

N61165.AR.003201
CNC CHARLESTON

5090.3a
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESOURCE CONSERVATION AND RECOVERY ACT FACILITY INVESTIGATION REPORT
ZONE F VOLUME II OF V SECTIONS 10 TO 10.4 CNC CHARLESTON SC

12/31/1997
ENSAFE



ZONE F 
RCRA FACILITY 
INVESTIGATION REPORT 
NAVBASE CHARLESTON 

VOLUME I1 of V 
SECTIONS 10 to 10.4 

CONTRACT N62467-89-D-03 18 
CTO-029 

Prepared for: 

Comprehensive Long-Term Environmental Action Navy 
(CLEAN) 
Charleston Naval Shipyard 
Charleston, South Carolina 

Prepared by: 

EnSafe Inc. 
5724 Summer Trees Drive 
Memphis, Tennessee 38134 
(901)372-7962 

December 31, 1997 
Revision: 0 



Zone F RC1PA Facility In~cstiga~on Report 
NA VBASE Qlcrrlcston 

Section 10 - Site-Specific E v W o n s  
Revision: 0 

10.3 SWMU 109, Abrasive Blast Media Storage Area 

SWMU 109 (a CSI site) is the abrasive blast media storage area. The site consists of three 

hoppers identified as Buildings 1364, 1365, and 1393, used to store the abrasive blast media. 

Hoppers 1364 and 1365 began operation in 1949, while hopper 1393 was added in 1962. 

Particulate air emissions were permitted at the site in 1992. Materials released, stored, or 

disposed of at the site included aluminum oxide and "black beauty" blast media. 

10.3.1 Site Geology and Hydrogeology 

The soil boring, sediment sampling, and groundwater monitoring well locations for SWMU 109 

are shown in Figure 10.3-1. Appendix A contains the boring log and the monitoring well 

construction diagram for the SWMU 109 monitoring well, 109001. The general stratigraphy at 

SWMU 109, based on one monitoring well boring, consists of silty clay overlying clayey sand. 

The silty clay extends to a depth of approximately six ft bgs. The clayey sand, in which 

monitoring well 109001 is completed, exhibits a grain size distribution of 43 % sand, 15 % silt and 

42% clay. The total depth reached by the boring was 12.4 ft bgs. 

Figure 10.3-2 depicts the shallow groundwater potentiometric surface and inferred flow direction 

at low tide. Because only one well was installed at SWMU 109, static water levels from additional 

adjacent monitoring wells, not shown on Figure 10.3-2, were used to determine the flow pattern. 

Very Iittle difference in the static water levels and the overall flow pattern at SWMU 109 were 

observed between high and low tide, therefore, no high tide potentiometric map is provided. 

Monitoring well 109001 was not slug tested. However, the hydraulic conductivity of the nearby 

shallow well, GDF001, calculated from slug testing, was 7.1 Wday. The horizontal hydraulic 

gradient, based on Figure 10.3-2 is 7.4E-04. The horizontal groundwater flow velocity was 

calculated at 9.5E-03 ft/day in the shallow deposits at SWMU 109. 
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10.3.2 Field Investigation Approach 

The objectives of the field investigation at SWMU 109 were to: (1) confmn the presence or 

absence of contambation in the site area; (2) delineate any contamination found; and (3) provide 

sufficient data to support a detailed evaluation of treatment alternatives, if required. Media 

sampled within the investigation area included soil, sediment from storm sewer basins, and 

shallow groundwater. Section 3 of this report details the methods used during the field 

investigation. Included in this section are descriptions of the hollow stem auger drilling 

procedures used for shallow well installation; the hand-auger procedures used for soil sampling; 

sediment and groundwater sampling procedures; and misceIlaneous procedures used during the 

field investigation. Also discussed are the analytml protocols for sample analyses. Appendix A 

contains the construction diagram for the monitoring well installed onsite. Appendix D contains 

the data report for samples collected in Zone F. 

10.3.3 Soil Sampling and Analyses 

The approved final RFI work plan proposed advancing six soil borings within the SWMU 109 area 

to detect the presence of any soil contamination from this site. Upper and lower interval soil 

samples were proposed from each boring. Nine soil borings were advanced during the field 

investigation, in two phases (Figure 10.3-1). Six borings were advanced during the first round 

of the field investigation, with upper and lower interval samples collected at each location. In 

accordance with the approved final RFI work plan, fust-round samples were analyzed for metal 

and SVOAs at DQO Level m. In addition, four of the first-round borings included analyses for 

pesticidesIPCBs, while samples from three of the borings were also analyzed for cyanide. One 

upper interval duplicate soil sample was also collected for Appendix IX analyses at DQO Level 

IV. To delineate surface soil arsenic contamination identified during the initial sampling round, 

three additional borings were advanced. Only upper interval samples were proposed and collected 

during the second sampling round. Second-round samples were analyzed for arsenic at DQO 

Level ID. Table 10.3.1 presents the SWMU 109 soil samples and analyses. 
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Table 10.3.1 
S W M U  109 

Soil Samples and Analyss 

Boring Sample Sample Date 
Location Identllfer Interval Collected Analyses Remarks 

. A ," ~. 

109SB002 109SBOOU)l Upper 9/23/96 Note l/pesticides/ 
Lower PCBs. cvanide 

109SB00401 Upper 91231% Note l/pestici&s/ 
109SB00402 Lower PCBs. cyanide - - - - - - - - - 

, , . ,. . , .* , -:,.: Ty ..,a,.. p . G ~ ;  ?.?< - -.. s-,-. * % <  - ,.- - w- . - .  . .  
, . w V  . ~ - r 5 - . ~ - -  .- -;".'" .-.. , :: " --.: . - .-. . 

. , 
i . X " "  - . . . 

l m & ? . .  ,WSXOSOl , , u p  A .  . 9 h ~  . Note 1 ,. 
- .. .,. . I . .  . , 

. ..- 
. . ..- , ..&2;-., ;r00SB00502 .' ' . .l-oWwI:. ..: .,: .:. . . .. :, .. .,- . .. :. ;, ., ,.,....,;,:A. . 

109SB006 109SB00601 Upper 9/23/96 Note 1 
109s800602 --- ?v-* -- " 

Lawer . v ;r j qrru-, F- warq r \ a m  >- 

lasSBW7 <$ ,,-' .'.$osssoon1 Upper *3f1?ML -,SF 2 "Y, -,, ,&.S* rt < Upper damp1t 
!"&- * , , $ , +  * :: 

I t imrval only 
s t z c m d T ~ s a m p I c  

109SB008 109SB00801 Upper 3 /19/97 Note 2 Upper sample 
interval only 

T - Second-round sample 

10958009:? 5,  , , 1 0 9 s m 1  
2 ,keTz*%~ . " .  c . . J -w1= ,&. . Upper 3/19/97 Note 2 - 

1:&qc7z L.? 3, 
r - I 

@@my * 

. * sccmd-& sample 

Notes: 
I = SW-846 (metals and SVOAs) at DQO Level I11 
2 = Arsenic at DQO Level 111 
3 = Appendix IX suite: Appendix IX @esticides/PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins, 

OP-pesticides); cyanide; hex-chrome at DQO Level IV 
* = Duplicate sample collected 
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10.3.3.1 Nature of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.3.2. Inorganic analytical 

results for soil are smmmkd in Table 10.3.3. Table 10.3.4 presents a summary of all analytes 

detected in soil at SWMU 109. Appendix D contains a complete analytical data report for all 

Zone F samples collected. 

Semivolatile Organic Compounds in Soil 

Benzo(a)pyrene and dibenz(a,h)anthracene exceeded their respective RBCs in surface soil samples 

at S W U  109. Figure 10.3-3 presents total BEQ concentrations detected in surface soil. 

No SVOCs in subsurface soil exceeded their SSLs at SWMU 109. 

Pesticides and PCBs in Soil 

No pesticides or PCBs exceeded their RBCs or SSLs in surface or subsurface soil samples, 

respectively. 

Other Or'ganic Compounds in Soil 

Dioxin (2,3,7,8-TCDD TEQ) was detected in the surface soil duplicate sample below the RBC for 

this parameter. 

Inorganic Elements in Soil 

Twenty-two metals, plus cyanide, were detected in soil samples collected at SWMU 109. Arsenic, 

beryllium, chromium, manganese, and vanadium were detected in surface soil samples at 

concentrations exceeding both their respective RBCs and background concentrations for Zone F 

surface soil. Iron exceeded its surface soil RBC; however, no background concentration for iron 



___ -___~_ - -___ - -  - - 

_ _ _  - - - - -- - - - -- .. - 

LEGEND 

- SOlL BORING 
0 - SOlL BORING/ 

SHALLOW MONlTORlNG WELL 
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- > 88 I .LS/~S 

---- - APPROXIMATE EXTENT 
NOTES: 

- 88 pg/kg = RBC FOR BEQ 
IN SURFACE SOlL (USEPA 1996b) 

- THIS DEPICTION ASSUMES 
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- NA = SAMPLE NOT ANALYZED 
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in surface soil. Figures 10.34 through 10.3-8 present the distribution of tbe metals exceedances I 

in surface soil. 2 

No inorganics detected in subsurface soil exceeded both their respective SSLs and background 

concentrations for Zone F subsurface soil. 

10.3.4 Sediment Sampling and Analyses 

The approved final RFI work plan proposed collecting three sediment samples to identify 

contaminants introduced to the storm sewer system from the site. Two sediment samples 

(109M0001 and 190M0003) were collected during the investigation, as depicted in Figure 10.3-1 . 
The stom sewer at location 109M0002 contained insufficient sediment for sample collection. In 

accordance with the approved final RFI work plan, sediment samples were analyzed for metals and 

SVOAs at DQO Level III. The sediment samples were also analyzed for cyanide. One duplicate 

sediment sample was collected for Appendix IX analyses at DQO Level IV. Table 10.3.5 presents 

the SWMU 109 sediment samples and analyses. 

10.3.4.1 Nature of Contamination in Sediment 

Organic compound analytical results for sediment are summarized in Table 10.3.6. Inorganic 

analytical results for sediment are summarized in Table 10.3.7. Table 10.3.8 summarizes all 

analytes detected in sediment at SWMU 109. 

The following sections discuss sediment sample analytical results relative to detected soil 

parameters as an indication of soil contaminant migration via storm water flow. Given that this 

sediment was collected from engineered structures (storm catch basins, storm water culverts, etc.), 

it is not true sediment generated in a native setting, and therefore, is not compared to reference 

concentrations or other criteria. The storm sewer system will be addressed in the Zone L RFI. 
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Table 10.3.5 
s m  109 

Sediment Samples and Analyses 

Sample Sample Sample Date 

109M0002 NA NA NA NA Samale not taken 

Notes: 
1 = SW-846 (metals and SVOAs): cyanide at DQO Level 111 
2 = Appendix IX suite: Appendix IX @esticides/PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, 

dioxins, OP-pesticides); cyanide: hex-chrome at DQO Level IV 
NA = Not applicable 
* = Duplicate sample collected 

Table 10.3.6 
SWMU 109 

Organic Compound Analytical Results for Sediment 

Frequency Range of Mean of 
of Detections Detections 

Parameters Detection ( PW ( ~glw 

Semivolatile Organic Compounds (2 Samples) ( ,ug/kg) 

2-~uh~lnapth&lcm 1/2 56.0.. , - s 56.0 

Bis(2ethylhexyl)phUte (BEHP) 212 41 .O - 420.0 230.5 

Dioxins (1 Duplicate Sample) (ngflrg) 
- &&-> 9 t , 

ai&n (235,"s-TCD~ TBQS')" ' "' 1/1 0.071 1 , O.M.11 

Note: 
1 = Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health 

Risk Assessmenr, Bulletin 2 (USEPA, 1995b) 
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Table 10.3.7 
SWMU 109 

Inorganic Analytical Results for Sediment 

Frequency Range of Mean of 
of Detections Detections 

Parameters Detection (mglkg) (mgfke, 

Antimony 212 0.57 - 4.40 2.49 

Barium 212 9.20 - 33.85 21.53 

Cadmium 212 0.09 - 0.20 0.15 

Chromium 212 13.0 - 88.7 50.9 

Lead 212 76.3 - 1295.0 685.7 

Manganese 212 50.6 - 860.5 455.6 

Potassium 112 241.5 241.5 

Sodium 112 586.0 586.0 

Tin 212 
- "- > * 

7.7 - 349.0 178.4 - ' 7 %  b s. . 
Vanadium 212 3.4 - 47.0+> 25.2 
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Table 10.3.7 
SWMU 109 

Inorganic Analytical Results for Sediment 

Frequency Range of Mean of 
of Detections Detections 

Parameters Detection (mglkg) 

Cyanide 112 0.15 0.15 

Table 10.3.8 
SWMU 109 

Analytes Detected in Sediment Samples 

Parsmeters Location Concent rat ion 

Bis(2-ethy1hexyl)pbthalate (BEHP) 

Dioxins (n Jke) 

Dioxin (2.3."1,8-3C.6~ %sc) 109M0003 r 0.0711.. 

A l b  (Al) 109M0001 1430.0 
109M0003 486560 

Antimony (Sb) 109M0001 0.57 

- a< -rnr . . 109M0003 4.40 

Arsenic (As) 9 109M0001 0.64 
-9 - >  . 8 109M0003 5.35 

Barium (Ba) 
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Table 10.3.8 
SWMU 109 

Analytes Detected in Sediment Samples 

Parameters Loeation Concentration 

Calcium (Ca) 

Cobalt (Co) 

Cyanide (CN) 109M0003 0.15 

Lead (Pb) 109MOOO1 76.3 

. ,*  . -. 1WM0003 
- f 

1295.0 
1: .: ~ % I 

Magnesium (Mg) 109M0001 112.0 
. - . -  

& - - "  - .  .109M0003 -, 1660.0 . - 2 4 .  ., - 
Manganese (Mn) 109M0001 50.6 

..... . >.'.' ,,.. -,..- " p ' , , . , . . . - . ,  
109M0003 860.5 

. . . .  . . .  - r -  . . - , , . ' - - . . ..-. > W U , .  .u<. %. - 4 - . ,  . \ '  lwf~OOO'l : ' . ; ." . , ' : : ' 
. e ,  

... , 
< - 

Nickel (Nil , ,:. . -  +.. . ,,' . . . _ . + . .  . .. . . I .. . ' : , : . .  r '  , : - - '++: ... . . 
- .. .*. ...$$" ..:>:+:*. %' 10.0.. : * , . ..'-' : 

i . .. . .- 
. 2 ,  109M0003" ,, ., '+d,:. ::a; l M ,  > I- ,,-. ..+ - .;.>;. . ~ 

3& J,". , .;;; .. 
. .,* . > , '  . . . . . .  . " .," . . . - . . . + .  

Potassium (K) ". - .. -. - -- . -~.., . 109M0003 241.5 

se~cnium.(~) ; : .A, ,+ 7 : " '  

' . - 0  . . .. - . + .  

. 109M0001 0.52 
- .? k.e-; :: . - 109M0003. - ., 2.35 

- . . . , S &  A d d  . L . .  - .  

Sodium (Na) - - - - ,  -,- . 
1WM0003 
" . _? 

586.0 
-.. * * *  

Thallium (TI)- . , .  - /  : 109M0003 4.7 

Tin (Sn) 109M0001 7.7 
109M0003 349.0 

V M u m  (V) 109~0001 3.4 
109M0003 47.0 
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Table 10.3.8 
SWMU 109 

Analytes Detected in Sediment Samples 

Parameters Location Concentration 

Note: 
= Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: Human Health 

Risk Assessmenr, Bulletin 2 (USEPA, 1995b). 

SemivoIatile Organic Compounds in Sediment 

Concentrations of four SVOCs 2-methylnapthalene, di-n-octylphthalate, napthalene, and 

bis(2-ethylhexy1)pthalate were detected in sediment. Napthalene was the only parameter which 

was also detected in site surface soif, 

Other Organic Compounds in Sediment 

Dioxin (2,3,7,8-TCDD TEQ) was detected in the duplicate sediment sample. Dioxin was also 

detected in the surface soil at the site. 

Inorganic Elements in Sediment 

Metals were as commonly detected in sediment as they were in site soil. The metals detected in 

site soil at relatively elevated levels, arsenic, beryllium, chromium, manganese, and vanadium 

were also detected in sediment. 

10.3.5 Groundwater Sampling and Analysis 

The approved Fml RFI work plan proposed the installation and sampling of one shallow 

monitoring well within the SWMU 109 area to: (1) assess groundwater quality, and (2) identify 

contaminants which may be migrating from the site in the shallow aquifer. One shallow 
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monitoring well (109001) was installed and sampled during the field investigation, as depicted in 

Figure 10.3-1. This well was installed at approximately 12 ft bgs in the upper sand layer of the 

Wando Formation. In accordance with the approved final RFI work plan, the groundwater sample 

from this well was analyzed for metals and SVOAs at DQO Level ID. Table 10.3.9 summarizes 

groundwater sampling and analyses at this site. 

Table 10.3.9 
SWMU 109 

Groundwmttr Samples and Analyses 

Well Number Wtll Deptb Sample Idcntifiu Date SPmplca Analyses R w l c s  
". *3- '." 

IOWbl , a  ,+. -,- :.$ 

,,.*:.t ".'*.\, .. 

Note: 
SW-846 (metals a d  SVOAs) at DQO Level ID 

10.3.5.1 Nature of Contamination in Groundwater 

Inorganic analytical results for the first quarter groundwater sampling are summarized in 

Table 10.3.10. Table 10.3.11 summarizes all analytes detected in the first three quarters of 

groundwater sampling at SWMU 109. 

Semivolatile Organic Compounds in Groundwater 

No organic compounds were detected in the SWMU 109 groundwater samples. 

Inorganic Elements in Groundwater 

Eleven metals were detected in the first quarter's groundwater samples. No inorganic analytes 

were detected in the shallow groundwater at concentrations exceeding tap water RBCs and the 

Zone F background. The two subsequent quarters of sampling exhibit reduced concentrations of 

metals in all detections. 
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10.3.6 Fate and Transport Assessment for SWMU 109 

Environmental media sampled as part of the SWMU 109 investigation include surface soil, 

subsurface soil, sediment, and shallow groundwater. Potential constituent migration pathways 

investigated for SWMU 109 include soil-to-groundwater, groundwater-to-surface water, surface 

soil-to-sediment, and emission of volatiles from surface soil to air. 

10.3.6.1 SWMU 109 - Soil-to-Groundwater Cross-Media Transport 

Table 10.3.12 compares maximum detected organic constituent concentrations in surface soil and 

subsurface soil samples to risk-based so2 screening levels considered protective of groundwater. 

For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soil 

screening levels, or (b) background concentrations. To provide a conservative screen, generic soil 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, 

with no attenuation of constituents in soil @AF=20). 

No organic constituents were detected in SWMU 109 surface or subsubsurface soil at 

concentrations exceeding groundwater protection SSLs. As a result, the soil-to-groundwater 

migration pathway for organics is not expected to be significant at SWMU 109. Two inorganics, 

arsenic and chromium, were detected in surface soi1 above their respective SSLs. However, 

concentrations of these same inorganics were significantly reduced in subsurface soil, and did not 

exceed their respective SSLs. Consequently, the soil-to-groundwater pathway for inorganics is 

not expected to be significant at S W U  109. 

10.3.6.2 SWMW 109 - Groundwater-to-Surface Water Cross-Media Transport 

Table 10.3.12 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to tap water RBCs and to chronic ambient saltwater quality criteria values 

for the protection of aquatic life (saltwater surface water chronic screening values). For 

inorganics, maximum concentrations in groundwater are compared to the greater of (a) tap water 



Tablc 10.3.12 
Chaniub Detertd in Surf'ace So& Subdace  Soil md Shallow G m m d w ~ ~  
Comprriron to S S k  Tap Water KBC* Slltwata Surface Wata C h u i c  S&g hv& a d  B a c k p m d  Cmcn~tn t im  
NAVBASE Chrrlcrtoq Zone F: SWMU 109 
ChJrlcrlon, So& Cuolitu 

Soil to GW - Gcnnic SSIA b a d  on DAF = 20, &om 1996 Soil Suuning G u i h  or calculated using vllutr hm Table 6.4 
Tap Warn RBC - Fmm EPA Rcgim Di Rkk.-hcd Cmcdnticm Table, June 3,1996 
SIltwrtcr Surface Watrr QPonic - F m  EPA SuppI~m~ltrl G u i k  to RAGS: Region 4 Bullch ,  EEolo&al Risk Audm~nt, November 1995; Table 2 

Far inorg.aicc, Ihc wluc lhown is ths puk of the nlewnt rrscning valw or the carrrponding background reference nluc. 

NA - Not atrilrblJNDt appliuble 
m - Not dekctcd 
DAF - Dilutiac md atlmurtion f ach  
GW - Grmmdwatcr 
RBC - Rirk bued concmtntion 
SSL - Soil d g  1 ~ 1  
MGKG - Millipma pa kilopm 
NGIKG - Nanopnu pa kilogram 
PGIL - Picognma pcr liter 
UGKG - Micropm per kilogram 
UGlL -Micrognm pcr liter 

atieidgmCB Compounds 

=oxin Compounds 
ioxh ( T O D  TEQ) 

Inorganic Compounds 

29 16.7 

920 1500 

NO NO NO 

Soil Water 
Units Unita 

U(IL 

U(M[O u a  
-0 UM 

uarwa ~ l h  

SabQing Chccntntion 

Soil to Saltwakr 
GW Tap Wsm M. Wtr. 
SSL RBC Chronic 

12000000 11000 NA 
400000 150000 NA 

4.66E+08 1500 NA 

2000 0.092 NA 

Panmctcr 

Bmw&Ai)pnylene 
Bcnto(a)pyrcnc q u h l m t r  

Bnuo(a)urthnccnc 

Ground- Swface 
water Watn 

Luching Miption Migntioo 
Potential Concern Concern 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

Mu C o n ~ h t i o n  

Swfacc S&u&ce 
Soil Soil 

73 ND 
70 52 

240 ND 

420 ND 

Mu Coaccatnticm 

Slullow Dbep 
GW GW 

ND NA 
ND NA 
ND NA 

ND NA 
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RBCs or (b) background concentrations for groundwater, as well as to the saltwater surface water 1 

chronic values. To provide a conservative screen, no attenuation or dilution of constituents in 2 

groundwater is assumed before comparison to the relevant standards. 3 

Thallium was the only constituent to be detected above an applicable RBC, and no constituents 

were detected above their respective surface water criteria. Thallium background concentration 

was present at 3.5 ,ug/L, only slightly above its RBC of 2.9 pg/L and below the Zone F 

backgound concentration of 5 -58 ,ug/L. The source of thallium is unknown, but may be related 

to past site activities; however, an accompanying elevated concentration in soil linking these two 

media is not present. At any rate, assuming that groundwater downgradient of SWMU 109 does 

not become enriched in thallium from another source, and given the specific properties of the 

aquifer (porosity, local gradient, and expected longitudinal dispersivity in the range of lOEOl to 

lOEOl to 10E02 meters [typical values for alluvial sediments]) attenuation simply through 

mechanical dispersion to the RBC will occur over very short travel distances. However, 

groundwater within the surficial aquifer is not used for consumption, nor is it reasonably 

anticipated to be in the future. Therefore, the risk-based groundwater migration pathway is 

invalid due to an incomplete exposure pathway. 

10.3.6.3 SWMU 109 - Surface Soil to Sediment Cross-Media Transport 17 

Two sediment samples were collected from stomwater catch basins that drain the general site 1s 

area. Table 10.3.8 summarizes the analytes detected in sediment samples. The only organic 19 

found in common between the surface soil and sediment was napthalene - this constituent was 20 

detected in only one sediment sample at the same order of magnitude as the surface soil maximum 21 

concentration. For inorganics, nearly all of the constituents detected in soil samples were also 22 

detected in sediment samples at the site. Of 22 species present in surface soil, 20 were also a 

detected in sediment. Only mercury and silver were present in surface soil and not in sediment - 24 

thallium, and tin were present in sediment and not in soil. This relationship establishes a link 25 
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between surface soil and sediment, and implies either that surface soil is a source of these 

constituents in sediment, or at least contributes to the sediment load present in the stormwater 

drainage system. 

10.3.6.4 SWMU 109 - Soil-to- Air Cross-Media Transport 

No COCs were detected in the surficial duplicate sample. In accordance with the work plan, no 

other soil samples were analyzed for VOCs. Because no COCs were detected, the soil-to-air 

pathway is invalid. 

10.3.6.5 SWMW 109 - Fate and Transport Summary 

Only arsenic and chromium were present in surface soil above SSLs; however, these exceedances 

were not reproduced in subsurface soil, and as a result, the migration pathway for soil 

contamination to groundwater is invalid. Thallium was the only constituent present in groundwater 

above its RBC; however, this concentration was below the Zone F background, and no 

constituents were present above surface water criteria. There is no link of thallium to a site 

source, and the low concentration detected can be expected to attenuate over a short travel distance 

simply due to dispersion. Additionally, the risk-based groundwater migration pathway is invalid 

due to an incomplete exposure pathway. 

10.3.7 Human Health Risk Assessment 

10.3.7.1 Site Background and Investigative Approach 

SWMU 109 is the abrasive blast media storage area, The site consists of three hoppers identified 

as Buildings 1364, 1365, and 1393, used to store the abrasive blast media. Hoppers 1364 and 

1365 began operation in 1949, while hopper 1393 was added in 1962. Particulate air emissions 

were permitted at the site in 1992. Materials released, stored, or disposed of at the site included 

aluminum oxide and presumably unused "black beauty" blast media. 
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During the RFI, a total of six soil samples were collected from the upper and lower intervals to 1 

identify potential impacts resulting from the activities listed above. Surface and subsurface soil 2 

samples were analyzed for SVOAs and metals. Surface and subsurface samples from three of the 3 

borings were analyzed for cyanide, Surface and subsurface samples from four of the borings were 4 

analyzed for PCBs and pesticides. In March of 1997, three additional soil samples were collected 5 

from the upper intend and analyzed for arsenic. Surface soil data were used to quantitatively 6 

assess soil pathways. One monitoring well was installed in the shallow aquifer, and sampled for 7 

SVOA and metal constituents. Data from the first quarter sampling event were used to 8 

quantitatively assess groundwater exposure pathways. Sections 10.3.3 and 10.3.5 summarizes the 9 

sampling effort for SWMU 109 soil and groundwater. 10 

10.3.7.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.3.13, the focus of this HHRA is on the following COPCs: BEQs, arsenic, beryllium, 

chromium (assumed to be hexavalent), manganese, and vanadium. Aluminum was detected at a 

maximum concentration exceeding its RBC, however, its maximuhi concentration did not exceed 

its background concentration. Wilcoxon rank sum test analyses did not result in the inclusion of 

any parameter that had been screened out on the basis of background concentration. 

Groundwater 19 

As shown in Table 10.3.14, no COPCs were identified for SWMU 109 groundwater. Thallium 20 

was detected at a concentration exceeding its RBC and was eliminated from consideration in the 21 

risk assessment based on comparison of its maximum concentration to its background 22 

concentration. 23 



Table 10.3.13 
Chemicals Pruent in Sic SamPks 
S W U  109 - Surface Soil 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

' - Indicates chemical was ident i i  as a COPC 
N - Essential nutrient 
SQL - Sample quanhtion limit 
RBC - Risk-based cmntration 
UGIKG - micrognms per la'logram 
MGlKG - rnillignms per kilogram 
NA - Not applicable or not available 

Number 
Exceeding 
RBC Ref 

1 
2 6 58 420 239 180 205 880 NA UG/KG 

TCDD Equivalents 

14.2 14.2 

660 1 m  

3 45.1 
1.2 27.1 

160 3480 

253 1320 

Units 

UGlKG 
UGlKG 

UWKG 

Parameter 

PCBs 1 Pesticides 
Aroclor-1260 
4,4'-DDE 

Carcinogenic PAHs 
B(a) P Equiv. 

of 
SQL 

37 42 
1.35 1.55 

415.98 450.645 

Screening Concentration 
Residential 

RBC Reference 

320 NA 
lgOO NA 

88 NA 

Freqmncy 
of 

Detection 

1 4  
1 4  

3 6 

bnge 
of Detactmd 

Detection Conc. 

160 160 160 
8 8 8 

0.66 637.44 237.6 



Table 103.14 
Chemicals Present in Site Samples 
SWMU 109 -Shallow Groundwater 
Naval Base Charleston, Zone F 
Charleston. South Carolina 

Notos: 
- Indicates chemical was idantifid as a COPC 

SQL - Sample quantiitation limit 
RBC - Risk-based concentrm 
UGIL - micrograms per l i r  
NA - Not applicable or not availaMe 
N - Essential nutrient 

Number 
Exceeding 
RBC Ref 

1 

1 
I 
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10.3.7.3 Exposure Assessment 

Exposure Setting 

SWMU 109 is in a highly industrialized setting, approximately 800 feet southwest of the water 

front along the Cooper River. The site is mostly surrounded by buildings, roads, and railroad 

right-of-ways. The site is covered with asphalt, concrete or a building which would prevent direct 

contact with soil and woufd inhibit migration of potential con-& to groundwater or air. All 

potable water is provided through the city's water supply. Groundwater is not currently nor 

anticipated to be used in the future as potable or process water. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed quantitatively in this risk assessment. Current exposure to 

workers is discussed qualitatively in relation to the future workers and future residents. The 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. 

Current. site workers' exposure would be less than that assumed for the hypothetical future site 

worker scenario because of their limited soil contact (the entire area is paved). Therefore, future 

worker assessment is considered to be protective of current site users. The future site resident 

scenario was built on the premise that existing buildings would be removed and replaced with 

dwellings. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for current and future site workers are the 

same as those for the future site resident with respect to soil. Uniform exposure was assumed for 

all sample locations. Table 10.3.15 presents the summary for exposure pathways assessed in this 

HHRA. 
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Exposure Point Concentrations 

Since less than ten samples were collected in surface soil and groundwater, maximum detected 

concentrations were used as EPCs, as discussed in Section 7 of this RFI. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.3.16 and 10.3.17, 

respectively. 

10.3.7.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.3.18 

presents toxicologicaI information specific to each COPC identified at SWMU 109. This 

information was used in the quantification of riskhazard associated with soil and groundwater 

contaminants. Brief toxicological profiles for each COPC are provided in the following 

paragraphs. 

Table 10.3.15 
Exposure PPthrrsys Summary - SWMU 109 

NAVBASE - ZQIIG F 
Cbnrlcston, South Carolha 

Potentinlly Exposed Medium and Exposure Pathway Selected for 
Populrtion Pathway Evaluation? R~pppn for SeleeLLon or Exclusjon 

Air. tnhalation of chemicals No Little surface soil is exposed at SWMU 109, 
enmined in fugitive dust inhibifing fugmve dust generation. Ihereforc. 

this exposure pathway was conridered 

, r A- +" -.- s -4. F +, XI .- "-- ..L - % - - .. -. insipifmnt cornpad to the other pathways. 
a " sr> ri V C  ?I  p 41 -"X - 

L n ,  PI -51qymp 'T ' 
% *: A s l m l b w ~ ~ ,  No ' ~~&rs-%v~~ a 

7 -of- roor~c~~~IcrnmDiMtdsmWmterrt  
~ p o b b b ~ m n l u s c  SWErNlW. . 

Shallow groundwater, No Shallow grwndwster is not currently used as a 
~ a u o n  of volatilized source of porable or non-residential water at 
shrllow groundwater S W U  109. 
contaminants 
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Tablc 103.15 
E r p o a u r P n t h m ~ s ~ - S W M U 1 0 9  

NAVBASE - Zone F 
CbnrMoa, South C*rolinn 

Potenblnllv Emoscd Mdtnn and Exwsun Pathmy Sclceted for 

Soil, Dermal contact No (Qualified) Future lPnd use assessment is considered to be 
coruemiively rcpcesclltptive of cumnt receptors. 

Future Site Residents Air. Inhlrtion of gaseous 
(Child d Adult) mad co- emanating from 
FhhmSiLeWarks soil 

No Fa* nnd mnspon screening did not ldenfify any 
COPCs for this indirc~t exposure pathway. 

Shrllow groundwater. No No COPCs wen idcntif- in SWMU 109 
Ingestion of conraminants grwndwater. 
durinn mtable or eencnl use 

commhm during domrtic 
UfC 

Soil. Incidental lngesrion Yes COPCs were identified s u b v e n t  to risk-bared 

Soil. Dermal conact Yes COPCIwcrridtlldficd~cnttorisk-borcd 
alldbrd;gmundsCccrrtning~Ils. 

Wild game or domestic No Huntingltaking of game ud/ot mismg livesrock is 
m i n d s ,  lngesaon of tlssue prohibited within thc Charleston. South Carolina 
impacted by medln clty I~mits. 

e. 
c o ~ t i o n  

Pmm d WMCS, No 'Ibepotedforsignificratexpo~urevhthi3 
14gerrionofplantha pathway is low relative to dm! of other cxpwurr 
grown in-mdh p a t t r . w r y t m .  
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Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.3 ,ug/kg-day as the RfD for arsenic 

based on a NOAEL of 0.8 pgtkgday in a human exposure study. Arsenic's effects on the nervous 

and cardiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, which set the 1.5 (mgkg-day)-' SF. As listed in IRIS the basis for the classification 

is sufficient evidence from human data. An increased lung cancer mortality was observed in 

multiple human populations exposed primarily through inhalation. Also, increased mortality from 

multipIe internal organ cancers (Iiver, kidney, lung, and bladder) and an increased incidence of 

skin cancer were observed in populations consuming drinking water high in inorganic arsenic. 

Human milk contains about 3 pg/L arsenic. As listed in IRIS the critical effect of this chemical 

is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was 

determined to be 3 and the modifying factor was determined to be 1 

Beryllium exposure via the inhalation route can cause inflammation of the lungs, a condition 

known as Acute Beryllium Disease, as a result of short-term exposure to high concentrations. 

Removal from exposure results in a reversal of the symptoms. Chronic exposure to much lower 

levels of beryllium or beryllium oxide by inhalation has bsen reported to cause chronic beryllium 

disease, with symptoms including shortness of breath, scarring of the lungs, and berylliosis, which 

is noncancerous growths in the lungs of humans. Both forms of beryllium disease can be fatal, 

depending on the severity of the exposure. Additionally, a skin allergy may develop when soluble 

beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 1991). 

An oral RfD of 0.005 mglkgday has been set for beryllium based on a chronic oral bioassay (rats 

were the study species) which determined no adverse effect occurs at 0.54 mglkg-day. Beryllium 
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has been classified by USEPA as a group B2 carcinogen based on animal studies. It has been 

shown to induce Iung cancer via inhalation in rats and monkeys, and to induce osteosarcomas in 

rabbits via intravenous or intrarnedullary injection. Human epidemiology studies of beryllium are 

considered to be inadequate. As listed in IRIS the basis for the classification is that beryllium has 

been shown to induce Iung cancer via inhalation in rats and monkeys and to induce osteosarcomas 

in rabbits via intravenous or intramedullary injection. Human epidemiology studies are considered 

inadequate. An inhalation slope factor of 8.4 (mg/kg-day]' and an oral SF of 4.3 (mg1kgday)-I 

have been set by USEPA. As listed in IRIS, the critical effect of this chemical is no adverse 

effect. The uncertainty factor was 100 and the modifying factor was 1, 

Chromium exists in two stable, natural forms: trivalent 0 and hexavalent 0. Acute exposure 

to chromium can result in kidney damage following oral exposure or damage to the nasal rnucosa 

and septum following inhalation exposure. Chronic inhalation exposure to hexavalent chromium 

has resulted in kidney and respiratory tract damage, as well as excess lung cancer in both animals 

and humans following occupational exposure. Only hexavalent chromium is beIieved to be 

carcinogenic by inhalation (IRIS, 1995). Oral Rf'D values for both forms of chromium are 1.0 and 

5E-03 (mglkgday). For trivalent chromium, the RfD is based on liver toxicity in the rat. For 

the hexavalent form, the IUD is based on unspecified pathological changes observed in rat studies. 

In addition, hexavalent chromium is considered a group A carcinogen for inhalation exposures, 

and a SFo of 42 (mg/kg-day)-' has been established for the hexavalent fom. Vitamin supplements 

contain approximately 0.025 mg of chromium. As listed in IRIS, no critical effects were observed 

for chromium 0. The uncertainty factor was 100 and the modifying factor was TO. As listed 

in IRIS, no critical effects were observed for chromium (VI). The uncertainty factor was 500 and 

the modifying factor was 1. 

Mtzngmese is an essential nutrient, but chronic exposure (0.8 mglkg-day) causes 

mental disturbances. Studies have shown that manganese uptake from water is greater than 
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manganese uptake from food, and the elderly appear to be more sensitive than children 1 

(IUaassen et d., 1986; Dreisbach et al., 1987). USEPA determined the RfD to be 0.14 mgkgday 2 

based on dietary uptake. USEPA recommended using a modifying factor of 3 when estimating 3 

intake from soil and water. In addition, the body is roughly twice as efficient absorbing 4 

manganese in water compared to manganese in food. Because of the different uptake rates in 5 

water and food, two RfDs were used in this HHRA - one for water and one for food. The RfDs 6 

used are 0.047 and 0.023 mglkgday. Inhalation of manganese dust causes neurological effects 7 

and increased incidence of pneumonia. An inhalation RfD was set to (1.43E-05) mglkgday. 8 

According to USEPA, manganese cannot be classified as to its carcinogenicity. Therefore, the 9 

cancer class for manganese is group D. As listed in IRIS, the classification is based on studies that lo 

are inadequate to assess the carcinogenicity of manganese. Manganese is an element considered 11  

essential to human health. The typical vitamin supplement dose of manganese is 2.5 mgday. As 12 

listed in IRIS, the critical effects of this chemical in water in the oral summary are CNS effects. 13 

The uncertainty factor was 1 and the recommended modifying factor of 3 was used to estimate soil 14 

and groundwater intake. The critical effects of this chemical are CNS effects. As listed in IRIS, 15 

the critical effect of this chemical in the inhalation summary is impairment of neuro-behavioral 16 

function. For inhalation uptake, the uncertainty factor was 1,000 and the modifying factor was 17 

1. The IRIS RfC is 0.00005 mglrd. 18 

Vanadium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 19 

It is also a by-product of petroleum refining. Vanadium is soluble in fats and oils (Klaassen et al., 20 

1986). Municipal water supplies contain 0.001 to 0.006 mglL. The target organ is unclear, and 21 

the primary focus of toxicological information is inhalation of vanadium dust. Typical vitamin 22 

supplements contain approximately 0.010 mg in a daily dose. The RfDo set by USEPA is 23 

0.007 mglkgday . 24 
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Benzo(a)pyrene equivalents include the following list of PAHs: 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Dibenz(a, h)anthracene 

knzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3 -cd)pyrene 

Chrysene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mglkg-day)'. Toxicity 

Equivalency Factors, also set by USEPA, are multipliers that are applied to the detected 

concentrations, which are subsequently used to calculate excess cancer risk* These multipliers are 

discussed further in the exposure and toxicity assessment sections. Most carcinogenic PAHs have 

been classified as such due to animal studies using large doses of purified PAHs. There is some 

doubt as to the validity of these listings, and the SFs listed in USEPA1s RBC table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic 

substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the 

benzo(a)pyrene B2 classification is human data specifically linking benzo(a)pyrene to a 

carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified (see 
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Additional Comments for Oral Exposure). This section provides information on three aspects of 

the carcinogenic risk assessment for the agent in question: the USEPA classification and 

quantitative estimates of exposure. The classification reflects a weight-of-evidence judgment of 

the likelihood that the agent is a human carcinogen. The quantitative risk estimates are presented 

in application of a lowdose extrapolation procedure and presented as the risk per mglkgday . The 

unit risk is the quantitative estimate in terms of either risk per pg/L drinking water or risk per 

pg/m3 air breathed. The third form in which risk is presented is drinking water or air 

concentration providing cancer risks of 1 in 10,000 or 1 in 1,000,000. The Carcinogenicity 

Background Document provides details on the carcinogenicity values found in INS. Users are 

referred to the Oral Reference Dose and Reference Concentration sections for infomation on long- 

term toxic effects other than carcinogenicity. 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene 32 classification is no human 

data and sufficient data from animal bioassays, Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS the basis for the benzo(k)fluoranthene 

82 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. BenzoOfluoranthene is mutagenic in bacteria maassen, et al., 1986). 
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10.3.7.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposure. Tables 10.3.19 and 10.3.20 present the 

computed carcinogenic risks andlor HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for S W U  109 

surface soils is 3E-04. The dermal pathway ILCR is 4E-05. Arsenic was the primary contributor 

to the ingestion and dermal pathways, accounting for over 90% of the total risk, while beryllium 

and BEQs were secondary contributors. 

The computed HIS for the adult resident was 0.7 for the soil ingestion pathway and 0.1 for the 

dermal contact pathway. The computed HIS for the child ingestion and dermal contact pathways 

were 6 and 0.4, respectively. The primary contributor to cumulative HI projections is arsenic, 

accounting for over 90% of the total HI, with chromium, manganese, and vanadium as secondary 

contributors. 

Hypothetical Site Workers 

Site worker ILCRs are 4E-05 and 2E-05 for the ingestion and dermal contact pathways, 

respectively. Arsenic and BEQs were the primary contributors for each pathway. HIS for the 

ingestion and dermal pathways were projected to be 0.2 and 0.1, respectively, for the hypothetical 

site worker scenario. 
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COCs Identified 

COCs were identified based on cumulative (dl pathway) risk and hazard projected for this site on 

a medium-specific basis. USEPA has established a generally acceptable risk range of 1E-04 to 

1E-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was 

considered to be any chemical contributing to a cumulative risk level of 1E-06 or greater andlor 

a cumulative hazard index above 1 .O, and whose individual ILCR exceeds 1E-06 or whose hazard 

quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, because a 

cumulative risk level of 1E-04 (and individual ILCR of 1E-06) is recommended by USEPA 

Region nJ as the trigger for establishing COCs. The COC selection method presented was used 

in order to provide a more comprehensive evaluation of chemicals contributing to carcinogenic 

risk or noncarcinogenic hazard during the remedial goal options development process. 

Table 10.3 -21 presents the COCs identified for SWMU 109 surface soil. 

Surface Soils 

Future Site Residents 

Arsenic, beryllium, and BEQs were identified as the soil pathway COCs based on their 

contribution to cumulative ILCR projections. Arsenic, chromium (assumed to be hexavalent), 

manganese, and vanadium were identified as soil pathway COCs based on their contribution to 

cumulative HI projections. Chromium was identified as a COC based on the assumption that it 

exists in the hexavalent state. This is a highly conservative assumption as chromium in the 

trivalent state is generaIly predominant. This issue is further discussed in the uncertainty section. 

Future Site Workers 21 

Arsenic and BEQs were identified as the soil pathway COCs based on their contribution to 22 

cumulative ILCR projections. Arsenic was also identified as a soil pathway COC based on its 23 

contribution to cumulative HI projections. 24 
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The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 

reported concentration for each COC identified above. Arsenic was detected above its residential 

RBC in all nine surface soil samples analyzed for arsenic; however, it was only detected in four 

samples above its background concentration. Berylfium was detected above the residential soil 

RBC in all six surface soil samples, but the background concentration for beryllium was exceeded 

only once and the mean concentration for SWMU 109 surface soil (0.56 mglkg) was below the 

background concentration (1.05 mgkg). Chromium was detected above its residential RBC in 

only one of six surface soil samples; its mean detected concentration (18.6 mgfkg) was below the 

RBC for its hexavalent species (39 mg/kg). Manganese was detected above its residential RBC 

in only three of six surface soil samples, and only once above its background value; its mean 

detected concentration (178 mglkg) was below its RBC (180 mglkg). Vanadium was detected 

above its residential RBC and its background value in only one surface soil sample. Its mean 

detected concentration (23.5 mgkg) was below its RBC (55 mglkg). BEQs were detected above 

the residential RBC in one of six surface soil samples collected for SWMU 109. Elevated BEQs 

were identified in surface soil sample 109SB004, otherwise they tend to be evenly distributed 

across the site. 

10.3.7.6 Risk Uncertainty 18 

Characterization of Exposure Setting and Identification of Exposure Pathways 19 

The potential for high bias is introduced through the exposure setting and pathway selection due 20 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 21 

Region IV when assessing potential future and current exposure. The exposure assumptions made 22 

in the site worker scenario are highly protective and would tend to overestimate exposure. 23 

Residential use of the site would not be expected, based on current site uses and the nature of 24 

surrounding buildings. Current reuse plans call for continued commercial/industrial use of 25 
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Zone F. If this area were to be used as a residential site, the buildings and other structures wouid 

be demolished, and the surface soil conditions woutd likely change - the soils could be covered 

with landscaping soil and/or a house. Consequently, exposure to surface soil conditions as 

represented by samples collected during the RFI would not be likely under a true future residential 

scenario. These factors indicate that exposure pathways assessed in this HHRA woutd generally 

overestimate the risk and hazard posed to current site workers and future site residents. 

Reternination of Exposure Point Concentrations 

The maximum detected soil constituent concentrations were used as the exposure point 

concentrations for this site. Use of maximurn detected concentrations represent conservative 

assumptions when applied as the EPC, such that it is unlikely for the maximum detected 

concentration to be representative of all soil constituents throughout the site. 

Frequency of Detection and Spatial Distribution 

Arsenic and beryllium were detected at concentrations above their RBCs in nine of nine and six 

of six surface soil samples, respectively. Conversely, chromium and vanadium (both one of six) 

were infrequently detected above their RlBCs. Manganese exceeded RBC in three of six surface 

soil samples, but only once above its background value. BEQ compounds were detected above 

RBCs in only one of six surface soiI samples; however, background levels of BEQs at NAVBASE 

have also exceeded RBCs. Additionally, many of the soil sample locations were situated 

underneath asphalt, which may explain the presence of this group of constituents. 

Quantification of RiskIHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 
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Soil 

A conservative screening process was used to identifj COPCs for SWMU 109. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens, the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 

of a significant contribution to riskihazard based on eliminated CPSSs. Of the CPSSs screened 

and eliminated from formal assessment, only aluminum was reported at a concentration 

(16,000 mg/kg) exceeding its RBC (7,800 mg/kg), but was below its background value 

(18,500 mgfkg). No other soil constituent was reported at a concentration near its RBCs (e.g., 

within 10% of its RBC). Chromium was carried through the risk assessment using the toxicity 

parameters of the hexavalent species, which would tend to overestimate hazard projections if in 

fact the trivalent species is predominant for SWMU 109 soil. One surface soil sample was 

analyzed for hexavalent chromium which was reported as a nondetect. This would suggest that 

most of the total chromium exists at trivalent chromium. 

Groundwater 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none was reported at a concentration close to its 

RBC (e.g. within 10% of its RBC). 

Groundwater is not currently used as a potable water source at SWMU 109, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered we11 were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 
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Background-Related Risk 

Aluminum was detected in SWMU 109 surface soil above its RBC. This element was eliminated 

from consideration in the risk assessment based on comparison to its background concentration. 

It is not unusual for naturally occurring or background concentrations of some elements to exceed 

Rl3Cs. It is the risk assessment's function to identify excess risk and/or hazard, or that which is 

above background levels. The following is a discussion of the residential scenario risWhazard 

associated with background concentrations of these elements. 

The maximum surface soil concentration of aiuminum (16,000 mglkg) for SWMU 109 equates 

with hazard quotients of 0.2 and 0.008 for the residential child and site worker, respectively. 

10.3.7.7 Risk Summary 

The risk and hazard posed by contaminants at SWMU 109 were assessed for the future site worker 

and the future site resident under RME assumptions. In surface soils, the incidental ingestion and 

dermal contact pathways were assessed in this HHRA. The groundwater pathway was based on 

ingestion of shallow groundwater represented by first quarter groundwater data. Table 10.3.22 

presents the risk summary for each soil pathwaylreceptor group evaluated for SWMU 109. 

Soil - Residential Scenario 

Residential soil pathway COCs identified for SWMU 109 include arsenic, BEQs, beryllium, 

chromium, manganese, and vanadium. Figures 10.3.9 and 10.3.10 illustrate point risk and HIS 

for SWMU 109 surface soil exposure by potential future site residents. Table 10.3.23 summarizes 

the risk and hazard contribution of each COPC at each sample location. This point risk map is 

based on the unlikely assumption that a potential future site resident will be chronically exposed 

to specific points. Exposure to surface soil conditions is more likely the result of uniform 

exposure to the soil conditions of the entire site (or exposure unit area) rather than specific points. 

With this in mind, risk maps supplemented by the tables are useful in that they 
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Table 10.3.22 
Summary of Risk and Hazard 
SWMU 109 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

Notes: 
ILCR Indicates incremental lifetime cancer risk 
HI Indicates hazard index 

Exposure 
Medium Pathway 
Surface Soil Incidental 

Ingestion 

Dermal Contact 

Sum of Soil Pathways 

HI HI ILCR 
(Adult) (Child) (LWA) 

0.7 5 3E-04 

0.1 0.4 4E-05 

0.8 7 4E-04 

HI ILCR 
(Worker) (Worker) 

0.2 4E-05 

0. I 2E-05 

0.3 5E-05 



Table 10.3.23 
Point Estimates of Risk and Hrrvrd - Surface Soil Pathways 
Residential Scenario 
SWMU 109 
NAVBASE Charleston, Zone F 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index ./.HI Risk (E-06) VoRisk 
109 BOO X Arsenic (As) 4 MGfKG 0.1828 71.92 10.4480 83.29 
109 BOO1 B(a)P Equiv. ND TJGKG NA NA NA NA 
109 BOO 1 Beryllium (Be) 0.28 MG/KG 0.0008 0.30 2.0966 16.71 
109 BOO1 Chromium (Cr) 6.3 MGKG 0.0173 6.80 NA NA 
109 BOO1 Mannanese (Mn) 119 MGKG 0.0347 13.66 NA NA 
109 BOOl Vanadium (V) 

Totat 
9.5 MGKG 0.0186 7.32 NA NA 

0.2542 12.5446 

109 B002 Arsenic (As) 1.4 MGKG 0.0640 75.18 3.6568 74.18 
109 BOO2 B(a)P Equiv. ND UGKG NA NA NA NA 
109 BOO2 Berylhum (Be) 0.17 MGIKG 0.0005 0.55 1.2729 25.82 
109 BOO2 Chromium (Cr) 3 MGKG 0.0082 9.67 NA NA 
109 BOO2 Manganese (Mn) 26.5 MGKG 0.0077 9.08 NA NA 
109 BOO2 Vanadium (V) 2.4 MGIKG 0.0047 5.52 NA NA 

Total 0.085 1 4.9297 

109 BOO3 Arsenic (As) 10.2 MGKG 0.4662 74.02 26.6424 85.64 
109 BOO3 B(a)P Equiv. 0.66 UGKG NA NA 0.0109 0.04 
109 BOO3 Bqllium (Ele) 0.595 MGIKG 0.0016 0.26 4.4552 14.32 
109 BOO3 Chromium (Cr) 19.65 MGKG 0.0539 8.56 NA NA 
109 BOO3 Manganese (Mn) 204.5 MGKG 0.0597 9.47 NA NA 
109 BOO3 Vanadium (V) 24.75 MGIKG 0.0485 7.70 NA NA 

Total 0.6299 31.1085 

109 BOO4 Arsenic (As) 134 MGKG 6.1248 94.99 350.0081 95.39 
109 BOO4 B(a)PEquiv. 637.44 UGKG NA NA 10.5562 2.88 
109 BOO4 Beryllium (Be) 0.85 MGIKG 0.0023 0.04 6.3646 1.73 
109 BOO4 Chromium (Cr) 45.1 MGKG 0.1237 1.92 NA NA 
109 BOO4 Manganese (Mn) 427 MGKG 0.1246 1.93 NA NA 
109 BOO4 Vanadium (V) 36.9 MGKG 0.0723 1.12 NA NA 

Total 6.4477 366.9289 

109 BOO5 Arsenic (As) 20.2 MGKG 0.9233 75.32 52.7624 82.79 
109 BOO5 B(a)P Equiv. 74.562 UGKG NA NA 1.2348 1.94 
109 BOO5 Beryllium (Be) 1.3 MG/KG 0.0036 0.29 9.7341 15.27 
109 BOO5 Chromium (Cr) 33.8 MGKG 0.0927 7.56 NA NA 
109 BOO5 Manganese (Mn) 274 MGKG 0.0799 6.52 NA NA 
109 BOO5 Vanadium (V) 64.5 MGKG 0.1263 10.31 NA NA 

Total 1.2258 63.7312 

109 B006 Arsenic (As) 6.1 MGKG 0.2788 92.38 15.9332 91.80 
109 BOO6 B(a)P Equiv. ND UGIKG NA NA NA NA 
109 BOO6 Beryllium @) 0.19 MGKG 0.0005 0.17 1.4227 8.20 
109 BOO6 Chrom~um (Cr) 4 MGKG 0.0 1 10 3.63 NA NA 
109 BOO6 Manganese (Mn) 19.3 MGKG 0.0056 1.87 NA NA 
109 BOO6 Vanadium (V) 3 MGIKG 0.0059 1.95 NA NA 

Total 0.3018 17.3559 



Table 10.3.23 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 109 
NAVBASE Charleston, Zone F 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) %Risk 

109 3007 Arsenic (As) 
Total 

109 BOO8 Arsenic (As) 
Total 

109 BOO9 Arsenic (As) 5.1 MGlKG 0.2331 100.00 13.3212 100.00 
Total 0.233 1 13.3212 
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allow the reader to visualize how chemicals driving risk estimates are spatially distributed across 

the site. 

Arsenic, BEQs, and beryllium, all of which were identified as COCs in the formal risk 

assessment, conmbute to risk estimate above 1E-06 at most surface soil sample locations. Risks 

estimates ranged from 5E-06 (109SB002) to 4E-04 (109SB004). HIS only exceed unity at three 

sample Iocations, 109SB004, 109SB005, and driven mostly by arsenic. 

Although chromium, manganese, and vanadium were identified as COCs in the formal risk 

assessment, they were not major contributors to overall surface soil pathway HIS. 

Soil - Site Worker Scenario 

Site worker soil pathway COCs identified for SWMU 109 include arsenic, beryllium, and BEQs. 

Figure 10.3.11 illustrates point risk estimates for SWMU 109 surface soil exposure by potential 

future site workers. Table 10.3.24 summarizes the risk and hazard contribution of each COPC 

at each sample location. Industrial risks ranged from 7E-07 (109SB002) to 5E-05 (109SB004). 

HIS for the site worker scenario do not exceed unity at any sample location. 

10.3.7.8 Remedial Goal Options 

Soil 

RGOs for carcinogens were based on the lifetime weighted average site resident or site worker as 

presented in Table 10.3.25 for surface soils. Hazard-based RGOs were calculated based on the 

hypothetical child resident or site worker, as noted in the table. 



4 1E-6t05E-6 

5E-6t0lE-5 
1E-5 to 1E-4 

INDUSTRIAL SCENARIO 

A 



Table 10.3.24 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
SWMU 109 
NAVBASE Charleston, Zone F 
Charleston, South Carolina 

Site Location Parameter Concentration Units 
109 001 Arsenic (As) 4 MGKG 
109 001 B(a)P Equiv. ND UGKG 
109 001 BeryIlium (Be) 0.28 MGIKG 
109 001 Chromium (Cr) 6.3 MGKG 
109 001 Manganese (Mn) 119 MGKG 
109 001 Vanadium (V) 9.5 MGKG 

Total 

109 002 Arsenic (As) 1.4 MGKG 
109 002 B(a)P Equiv. ND UGIKG 
109 002 Beryllium (Be) 0.17 MGKG 
109 002 Chromium (Cr) 3 MGKG 
109 002 Manganese (Mn) 26.5 MGKG 
109 002 Vanadium (V) 

Total 
2.4 MGKG 

109 003 Arsenic (As) 10.2 MGIKG 
109 003 B(a)P Equiv. 0.66 UGKG 
109 003 BerylIium (Be) 0.595 MGKG 
109 003 Chromium (Cr) 19.65 MGKG 
109 003 Manganese (Mn) 204.5 MGKG 
109 003 Vanadium (V) 24.75 MGKG 

Total 

109 004 Arsenic (As) 134 MGKG 
109 004 B(a)P Equiv. 637.44 UGKG 
109 004 Beryllium (Be) 0.85 MG/KG 
109 004 Chromium (Cr) 45.1 MGIKG 
109 004 Manganese (Mn) 427 MGKG 
109 004 Vanadium (V) 36.9 MGKG 

Total 

109 005 Arsenic (As) 20.2 MGIKG 
109 005 B(a)P Equiv. 74.562 UGKG 
109 005 Beryllium (Be) 1.3 MGKG 
109 005 Chromium (Cr) 33.8 MGKG 
109 005 Manganese (Mn) 274 MGKG 
109 005 Vanadium (V) 64.5 MGKG 

Total 

109 006 Arsenic (As) 6.1 MGKG 

Hazard Index %HI Risk (E-06) %Risk 
0.0092 77.00 1.4780 83.29 
NA NA 

0.000039 0.32 0.2966 16.71 
0.0009 7.28 NA 
0.00 17 14.62 NA 

0.000094 0.78 NA 
0.01 19 1.7746 



Table 10.3.24 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Industrial Scenario 
SWMU 109 
NAVBASE Charleston, Zone F 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) %Risk 
109 006 B(a)P Equiv. ND UGJKG NA NA 
109 006 Beryllium (Be) 0.19 MGKG 0.000026 0.18 0.2013 8.20 
109 006 Chromium (Cr) 4 M G K G  0.00055 3.70 NA 
109 006 Manganese (Mn) 19.3 MGKG 0.00028 1.90 NA 
109 006 Vanadium (V) 3 MGlKG 0.000030 0.20 NA 

Total 0.0149 2.4553 

109 007 Arsenic (As) 25.9 MGKG 0.0596 100.00 9.5702 100.00 
Total 0.0596 9.5702 

109 008 Arsenic (As) 20 MGIKG 0.0460 100.00 7.3901 100.00 
Total 0.0460 7.3901 

109 009 Arsenic (As) 5.1 M G K G  0.01 17 100.00 1.8845 100.00 
Total 0.01 17 1.8845 



fable 10.3.25 
Remedial Goal Options for Soil 
S W M U  109 
Naval Bast Charleston. Zone F 
Charleston, South Carolina 

ResidentiaI-Based Remedial Coal Optiolu 

Slope Reference 
Factor Dose EPC 

Chemical (rnp,k~day>l (mpfltgday) m a g  
Inorganic 

Arscnic (As) 1.5 0.0003 134.0 
Bcrylliurn (Be) 4.3 0.005 1.3 
Chromium (Cr) NA 0.005 45.1 
Manganese 'm) NA 0.023 427.0 
Vanadium (V) NA 0.007 64.5 

Hstard-Based 
Rcmcdial Goal Options 

3 1 0.1 
m f l ~  m d k ~  m a g  

Worker-Based R e d i a l  Goal Options 

Risk-- 
Remedial Gaal Options 

IE-06 1E-05 1E-04 

mp/k~ mi& 

Semivolatile Organic Compounds 
Bcnzo(a)pyrcne equivalents 7.3 NA NA NA 0.06 0.6 6 

Semivolatile Organic Compounds 
Benzo(a)pynne equivalents 7.3 NA 0.6 

Slop Rcfercncc 
Factor Dose EPC 

Chemical ( m g / k g ~ ~ k l  (mp/k~-day) mpjku 
Inorganic 

Arstnic (As) I .5 0.0003 134.0 

Risk-Based 
Remedial Goal Options 
1E-06 1E-05 1E-04 
m f l ~  mp/kg m e .  

Hazard-Based 
Remedial Goal Options 

3 1 0.1 
m s k  mdkq 

1305 435 43 

Background 
Concentration 

mgika 

Background 
Concentration 

m p / k ~  

NOTES: 
EPC Exposure point concentration 
NA Not applicable 

- Remedial goal options wen based on the residential or site worker lifetime weighted average for 
carcinogens and the child resident or site worker for noncarcinogens 
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10.3.8 Corrective Measures Considerations 

For SWMU 109, the upper and lower soil intervals, sediment in storm sewer drop basins, and 

shallow groundwater were investigated. A total of six soil samples were collected from the upper 

and lower intervals, three additional samples were collected from the upper interval. Six of the 

nine samples were collected from beneath asphalt or concrete pavement. Two sediment samples 

were collected. One groundwater monitoring well was installed in the shallow aquifer. Based on 

the analytical results and the human health risk assessment, COCs requiring further evaluation 

through the CMS process were identified for the upper soil interval and shallow groundwater. 

However, residential use of the site is not expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commerciaYindustria1 use. The site 

is mostly paved with asphalt or concrete. 

BEQs, arsenic, beryllium, chromium, manganese, and vanadium were identified as COCs in the 

upper soil interval. The soil pathway cumulative residential exposure risk is 4E-04 and the 

cumulative HI is 7 (resident child). Only the cumulative residential exposure risk exceeds 

USEPA's acceptable lower risk level of 1E-04. The HI of 7 exceeds USEPA'S acceptable HI of I .  

Residential RGOs for surface soil for arsenic, beryllium, and BEQs were 0.38, 0.13, and 

0.06 mglkg, respectively, based on a target risk of 1E-06. Hazard-based remedial goals for 

surface soil for chromium, manganese, and vanadium were 365, 1,677, and 5 10 mglkg, 

respectively, based on a target HI of 1. Potential corrective measures, in addition to no further 

action for soil and respective COCs, are presented in Table 10.3.26. 
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Table 10.3.26 
Potential Corrective Measures for SWMU 109 
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10.2 SWMU 36, Building 68 Battery Shop; AOC 620, Battery Shop, Building 68 

These two RFI sites, were combined into one investigation due to their proximity and their 

potential for similar COPCs. The site area is located in Building 68, a 48,000 square foot concrete 

structure. From 1942 to 1952, the building was a paint and oil warehouse. From 1952, the 

building was used for destruction, assembly, and rebuilding of submarine batteries. Most 

recently, the building was used for storage and charging of large acid batteries. SWMU 36 is the 

site of two sulfuric acid releases, where acid was discharged to floor drains which had become 

separated from the floor, allowing the acid to drain to the soil beneath the building. AOC 620 

comprises all activities within Building 68 that were related to the battery shop. Materials 

released, stored or disposed of at the site included sulfuric acid, lead, paint, solvents, petroleum 

products, and batteries. 

10.2.1 Site Geology and Hydrogeology 

The soil boring and groundwater monitoring well locations associated with SWMU 36 and 

AOC 620 are shown in Figure 10.2-1. The representative stratigraphy at SWMU 36 and 

AOC 620, consists of silty clay overlying sandy clay. The sandy clay extends to the maximum 

depth of the wells. The silty clay exhibits an average grain size distribution of 8% sand, 32% silt, 

and 60% clay. The sandy clay exhibits an average grain size distribution of 55 % sand, 10% silt, 

and 35 % clay. The total depth reached by the monitoring wells is 14 ft bgs. Boring logs and well 

construction diagrams are contained in Appendix A. 

Figures 10.2-2 and 10.2-3 depict the potentiometric surface and inferred flow direction in the 

shallow groundwater at low and high tide, respectively. Very minor differences in the overall 

flow pattern were observed between tides. From slug testing of well 620002, the horizontal 

hydraulic conductivity of this unit is 0.41 ft/day. Based on this value and the flow pattern shown 

in Figure 10.2-3, the representative horizontal hydraulic gradient was 2.7E-02. The horizontal 

flow velocity calculated from this gradient was 3.1E-02. 







I 
I

l
l

 

LE
G

E
N

D
 

G
 
-
 

S
H

A
LL

O
W

 
M

O
N

IT
O

R
IN

G
 

W
E

LL
 

- 
A

D
JA

C
E

N
T 

S
H

A
LL

O
W

 
M

O
N

IT
O

R
IN

G
 

W
E

LL
 

-
 C

O
N

TO
U

R
 

IN
TE

R
V

A
L 
-
 

1 
FO

O
T 

-
 -

 F
LO

W
 

D
IR

E
C

TI
O

N
 

IN
V

E
S

T1
G

A
TI

O
N

 
R

E
P

O
R

T 
N

A
V

A
L 

B
A

S
E

 
C

H
A

R
LE

S
TO

N
 



Zone F RCRA Faciliry Investigation Report 
NA VBASE Charleston 

Section 10 - Site-Spec@ Evaluations 
Revision: 0 

10.2.2 Field Investigation Approach 

The objective of the field investigation at SWMU 36 and AOC 620 was to: (1) confirm the 

pmence or absence of contamination in the site area; (2) delineate any contamination found; and 

(3) provide sufficient data to support a detailed evaluation of treatment alternatives, if required. 

Media sampled within the investigation area included soil and groundwater. Section 3 of this 

report details the methods used during the field investigation. Also included in this section are 

descriptions of the hollow stem auger drilling procedures used for shallow well installation; the 

hand-auger procedures used for soil sampling; groundwater sampling procedures; and 

miscellaneous procedures used during the field investigation. Also discussed are the analytical 

protocols for sample analyses. F i g u ~  10.2-2 depicts the soil boring and groundwater monitoring 

well locations within the SWMU 36 and AOC 620 area. Appendix A documents the construction 

diagrams for installed monitoring wells. Appendix D contains the data report for samples 

collected in Zone F. 

10.2.3 Soil Sampling and Analysis 

The approved final RFI work plan proposed advancing nine soil borings within the 

SWMU 36tAOC 620 area to assess the presence of any soil contamination at these two sites. 

Upper and lower interval soil samples were proposed from each boring. Twelve soil borings were 

advanced during the field investigation, in two phases (Figure 10.2-1). Nine borings were 

advanced during the frst phase of the field investigation, as proposed in the approved final RFI 

work plan. Upper and lower interval samples were collected from thm borings, while six borings 

included only the upper interval. Where not cofleckd, the lower interval sample was not collected 

due to obstructions in the borehole, or because of a shallow water table. In accordance with the 

approved flnal RFI work plan, first phase samples were analyzed for metals, SVOAs, and VOAs 

at DQO Level III. In addition, soil samples from four first-round borings from AOC 620 included 

pesticide1PCB analysis, while one first-round AOC 620 sample included cyanide. Two upper 

interval duplicate soil samples were collected during the fust phase for Appendix M analyses at 
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DQO Level IV. Later, three additional borings were advanced to delineate lead and PCBs I 

detected during the first sampling round. Upper and lower interval samples were collected from 2 

the second-round soil borings. Second-round soil samples were analyzed for metals, 3 

pesticidesJPCBs, and SVOAs at DQO Level ID. Table 10.2.1 presents the SWMU 36 and 4 

AOC 620 soil samples and analyses. 5 

Table 10.2.1 
Zone F 

SWMU 36 and AOC 620 
soil Samples and Analyses 

BOW *& k f l e  Date 
Location Identifier Intend Collected Remarks 

036SBOOl 0369B00101 upper lOE091% Note 1 
03mmfm Lawu 

036SB002 036SB00201 upper 10/08/% Note l Lower interval not 
sampled 

036SB003 0365800301 UPP~ 10]09/% Note 1 tow%r intewnl not 
mmpled 

620SB00 1 620SB00101 Upper 9/16/96 Note I /  Lower interval not 
p&icida/PCBs ~ l m p l d  

62OCB00101* Note 2 *Duplicate umple 

620SB002 6U)SB00201 Upper 8R7f96 Nbte 11 Lower intewal not 
pesticidesfPCBs umpled 

620SB003 620SB00301 Upper 9/16/96 Note I1  Lower interval not 
pesticideslPCBs sampled 

620SB004 620SB00401 upper 9/10/% Notell Lower interval not 

ptioidedPCBr, cyanide nampled 
620CS00401* Not62 *Duplic*te umple 

620SB005 6120800501 Upper 9/16/96 Note 11 
620SB00502 Lower pesticideslPCBs 

620S8006 6U)SBOD601 upper 10104/96 Note 1 
6209- Lawet 

620SB007 620SB00701 Upper 1/09/97 Note 3 Second-round mmple 
62QSB007M 1 ower 
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Table 103.1 
Zone F 

SWMU 36 aud AOC 620 
Sod Samples end Analyses 

b f l e  h f l e  Date 
h a t i o n  Identifier Interval Collected Analyses Remarks 

6U1SBOO8 6tOS&00801 up~n 1 /09m7 Nob 3 Smnd-round umple 
620SBOO802 h e r  

62OSB009 620SB00901 1110197 Note 3 Second-round sample 

Notss: 
1 = SW-846 ( r n d l u ,  SVOAs, and VOAs) at DQO Level lII 
2 = A&i lX mite: Appendix IX @&cideslPCBs, herbicidu, SVOAs, VOAs); SW-846 (metals, dioxins, OP-pesticides); cyanide; 

hex-chrome at DQO Level IV 
3 = SW-846 (metals, pedcidarlPCBs, and SVOAs) Lave1 Ill 
* = Duplicate rumple 

10.2.3.1 Nature of Contamination in Soil 1 

Organic compound analytical results for soil are sum- in Table 10.2.2. Inorganic analytical 2 

results for soil are summarized in Table 10.2.3. Table 10.2.4 presents a summary of all analytes 3 

detected in soil at SWMU 36 and AOC 620. Appendix D contains a complete analytical data 4 

report for all Zone F samples collected. 5 

Volatile Organic Compounds in Soil 

Five VOCs were detected in surface soil samples; one of these was also detected in subsurface 

soil. All VOC concentrations were far below their respective RBCs and SSLs for surface and 

subsurface soil. 

Semivolatile Organic Compounds in Soil 

Twenty SVOCs we= detected in site soil samples. Nineteen SVOCs were detected in surface soil 

samples. Only tbnx, benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a, h)anthracene, exceeded 

their lU3Cs in surface soil samples. W e e n  SVOCs were detected in subsurface soil samples. 

One SVOC - Cmethylphenol - exceeded its SSL for subsurface soil. Figure 10.2-4 presents the 

surface soil total BEQ exceedances detected in surface soil. Figure 10.2-5 presents the 

4-Methylphenol detections in subsurface soil. 
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Pesticides and PCBs in Soil 

Seven pesticides and two PCBs were detected in soil samples. Only the two PCBs, Aroclor-1254 

and Anx:lor-1260, exceeded their respective RBCs for surface so3 samples. Figures 10.2-6 and 

10.2-7 show these two PCB exceedances detected in surface soil. All subsurface pesticide 

concentrations were below SSLs. Subsurface samples were not collected where the PCBs were 

detected in surface samples, due to obstruction or the high water table. 

Other Organic Compounds in Soil 

The herbicide dioseb, and dioxin (2,3,7,8-TCDD TEQs), were detected in surface soil. All 

detected concentrations were below the respective RBCs for surface soil. Dioxins were not 

analyzed for in subsurface soil. Subsurface samples were not analyzed for herbicides. No 

subsurface soil samples were duplicated at this site. 

Inorganic Elements in Soil 

Twenty-three metals were detected in soil samples collected at SWMU 36 and AOC 620. 

Aluminum, arsenic, chromium, and lead concentrations were detected in surface soil samples 

above both their respective RBCs and background concentrations for Zone F surface soil. Iron 

concentrations were also detected in surface samples exceeding RBCs; no surface background is 

available for iron. Only chromium was detected in subsurface soil exceeding its SSLs. Figures 

10.2-8 through 10.2- 12 show individual metal exceedances in surface and subsurface soil. 

10.2.4 Groundwater Sampling and Analysis 

The approved final Rm work plan proposed the installation and sampling of two shallow 

monitoring wells within the SWMU 36 and AOC 620 area to: (1) assess groundwater quality, and 

(2) identify contaminants which may be migrating from the site in the shallow aquifer. During 

the field investigation, four shallow monitoring wells were actually installed at these sites, in two 
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phases (Figure 10.2-1). These wells were installed between approximately 12 and 14 ft bgs in the 

upper sand layer of the surficial aquifer. Two shallow weI1s were initially installed within the site 

area and sampled as specified in the approved final RFI work plan. Groundwater samples from 

these two wells were analyzed for metals, SVOAs, and VOAs at DQO Level XI, Later, two 

additional wells were installed to define the potential downgradient impact to groundwater from 

metals contamination in soil at SWMU 36. Groundwater samples from the two succeeding welIs 

were analyzed for metal constituents at DQO Level HI, and pH. Table 10.2.5 summarizes the 

groundwater samples and analyses at these sites. 

10.2.4.1 Nature of Contamination in Groundwater 

Organic analmcal results for groundwater are summarized in Table 10.2.6. Inorganic analytical 

results for groundwater are summarized in Table 10.2.7. Table 10.2.8 presents a summary of all 

analytes detected in groundwater at AOC 620. 

Wells 620001 and 620002 were instaIled for the first quarter sampling event. Wells 620003 and 

620004 were instalIed to further evaluate site groundwater during second quarter sampling. 

Table 10.2.5 
SWMU 36 and AOC 620 

Groundwater Samples and Analyses 

Well Number Weil De Sam le IdentifSer Date SPm led ses w p  Andy Remarks 

620001 Shallow 52000101 I V08M Not+ 1 

620002 Shallow 6200M01 1 3 /04/% Note 1 

620003 Shallow 620003A 1 5/01197 Note 2 Sccond-round wcU 

620004 Shallow 62000QA 1 4130197 Note 2 Second-mud well 

Notes: 
1 = SW-846 (metals, SVOAs, and VOAs) at DQO Level Ill 
2 = SW-846 (metals) at DQO Level 111; pH 
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Zone F RCRA Faciliry Investigation Report 
NAVBASE Charleston 

Section 10 - Site-Spec@ Eduations 
Revision: 0 

Organics Detected in Groundwater Samples 

The only organics detected in groundwater were SVOCs. Two SVOCs, Benzoic acid and 

fluorene, were detected during the first quarter sampling event. Four additional SVOCs, 4-chloro- 

3-Methylphenol, 4-Methylphenol, and acenaphthene, and diethylphthalate, were detected during 

later sampling events. All detected SVOC concentrations were below their respective tap water 

RBCs. 

Inorganic Elements in Groundwater 

Seventeen metals weE detected in AOC 620 gmundwater samples. During first quarter sampling, 

barium and thallium exceeded both their respective tap water RBCs and shallow groundwater 

background concentrations. Lead and iron exceeded their respective RBCs, but no background 

concentrations are available for these metals in Zone F groundwater. Figures 10.2-13 through 

10.2-15 show the distribution of barium, lead, and thallium in shallow groundwater at the site. 

10.2.5 Fate and Transport Assessment for Combined SWMU 36 and AOC 620 

Environmental media sampled as part of the combined SWMU 36 and AOC 620 investigation 

include surface soil, subsurface soil, and shallow groundwater. Potential constituent migration 

pathways investigated include soil-to-groundwater, groundwater-to-surface water, and emission 

of volatiles from surface soil to air. 

10.2.5.1 Soil-to-Groundwater Cross-Media Transport 

Table 10.2.9 compares maximum detected organic constituent concentrations in surface soil and 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 

For inorganics, maximum concentmtions in soil are compared to the greater of (a) risk-based soil 

screening levels, or (b) background concentrations. To provide a conservative screen, generic 

S S h  are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, with no 

attenuation of constituents in soil (DAF = 20). 
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Table 10.2.9 
Chemicals Detected in Surface Soil, Subsurface Soil. and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations 
NAVBASE Charleston, Zone F: SWMU 36 and AOC 620 
Charleston, South Carolina 

Screening Concentration 
Soil to Saltwater 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

I6000 3700 NA 
7900 1900 NA 

12300 2900 NA 
60 1.6 NA 

142000 12000 NA 

293000 1500 NA 
12000000 l l000 NA 

400000 150000 NA 
4.66E+08 1500 NA 

2000 0.092 NA 
8000 0.0092 NA 
5000 0.092 NA 

49000 0.92 NA 
160000 9.2 NA 

2OOO 0.0092 NA 
14000 0.092 NA 

240000 1 SO NA 
36M)000 4.8 NA 
4300000 1500 1.6 

560000 1500 NA 
126000 1500 NA 

1380 180 NA 
84000 I500 

1380000 1500 NA 
4200000 1100 NA 

1000 0.033 0.03 
1000 0.033 0.03 
10000 0.052 
1MX)O 0.052 0.004 
16000 0.28 0.025 
54000 0.2 0.14 
32000 0.2 0.001 

1000 11 0.0023 
23000 0.0023 0.0036 

N A 37 NA 

I900 0.43 10 

lM)o(X) 37000 NA 
5 15 NA 

29 16.7 36 
1600 2600 NA 

63 0.66 NA 
8 18 9.3 

38 180 SO 
2000 2200 NA 

920 1500 2.9 

Max. Concentration 

Shallow Deep 
GW GW 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

ND NA 
ND NA 

3 NA 
ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

1 NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 

NA NA 

173 NA 
ND NA 
9.6 NA 

460 NA 
ND NA 

0.3 1 NA 
2.2 NA 
1.5 NA 
2.5 NA 

Parameter 

Max. Concenmtion 

Surf= Subsurfac 
Soil Soil 

Soil Water 
UniB Units 

UWWG UWL 

U W ~ G  UWL 

UGKG UWL 

UGKG UWL 

UWKG UWL 

U ~ K G  ucin. 
UGKG UWL 

UGKG UWL 

UGKG UWL 

UWKG UWL 

UWKG urn 
UWKG UWL 

UWKG uw 
UGKG urn 
UGKG UWL 

UWKG UWL 

UGKG 

UGKG urn 
UGKG uw 
UGKG UGR 

UWKG UGR 

u r n 6  urn  
2 3 . 5 ~ ~ ~  UCR 

U ~ G  UGR 

UWKG UGR 

UWG UG~. 

 urn^ urn 
0 . 0 0 4 ~ ~ ~ ~  UGR. 

UWG u o n  

ucin* UWL 

UWKG UWL 

UGKG UWL 

UWKG UWL 

urnc urn 

UWKG uw 

NGKG PWL 

MGKG UWL 

MGKG UWL 

MGKG UGR 

MWKG UWI. 

MWKG u ~ n  

M ~ G  UGR 

MGKG UWL 

M ~ C  U G ~  

MIXG UWL 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern C o n m  

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

Volatile Organic Compounds 
Acetone 
2-Butanone (MEK) 
4-Methyl-2-Pentanone (MIBK) 
Trichloroethene 
Xylene (total) 

Semivolfitile Organic Compounds 
Acenaphthylene 
Anthracene 
Benzoic acid 
Benzo(g,h,i)perylene 
Benzo(a)pyrene equivalents 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Cluysene 
Dibenzo(a,h)anthracene 
lndeno(l,2,3-cd)pyrene 

Dibenzofuran 
bis(2-Ethylhcxy1)phthalate (BEHP) 
Fluoranthene 
Fluorene 
2-Methylnaphthalene 
4-Methylphenol (pcresol) 
Naphthalene 
Phenanthrene 
Pyrene 

PesticidesiPCB Compounds 
Aroclor- 1254 
Aroclor- I260 
alpha-Chlordane 
gamma-Chlordane 
4.4'-DDD 
4.4'-DDE 
4.4'-DDT 
Endrin 
Heptachlor 

Herbicides 
Dinoseb 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

Inorganic Compounds 
Aluminum 
Antimony 
Arsenic 
Bar~um 
Beryllium 
Cadmlum 
Chromium (total) 
Cobalt 
Copper 

42 ND 
3 10 
I ND 
2 ND 
2 ND 

140 ND 
1 70 53 
110 60 
550 140 

450 110 
760 i 40 

1200 160 
740 140 
640 140 
190 ND 
500 I20 
44 ND 

1300 ND 
720 200 
52 ND 
78 ND 

ND 2200 
74 ND 

420 77 
620 360 

295 ND 
430 ND 

I2 ND 
24 3.6 
34 24 

140 100 
1 50 75 
5.7 ND 
1.7 ND 

41 N A 

0.882 N A 

21100 33000 
2 7 1 3  

31.5 1 9 9  
62.3 43 5 

1 1 3  
0.69 0.17 
43.2 141 

5.9 7 9 
84.8 43.7 



Table 10.2.9 
Chcm~cals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations 
NAVBASE Charleston, Zone F' SWMU 36 and AOC 620 
Charleston, South Carolina 

Screening Concentrations: 
Soil to GW - Generic S S h  b a d  on DAF = 20, from 1996 Soil Screening Guidance or calculated using values fmm Table 6.4 
Tap Water RBC - From EPA Region 111 Risk-Based Concentration Table, June 3, 1996 
Saltwater Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November 1995; Table 2 

For inorganics, the value shown is the greater of the relevant screening value or the corresponding background reference value. 

Parameter 

Cyanide 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

NA - Not available/Not applicable 
ND - Not detected 
DAF - Dilution and attenuation factor 
GW - Groundwater 
RBC - Risk based concentration 
SSL - Soil screening level 
MGKG - Milligrams per kilogram 
NGIKG - Nanograms per kilogram 
PG/L - Picograms per liter 
UGKG - Micrograms per kilogram 
UG/L - Micrograms per liter 

Max. Concentration 

Surface Subsurfac 
Soil Soil 

ND N A 
2660 127 
277 445 
0.79 0.52 
14.1 17.1 
0.91 1.6 
0.33 ND 
0.54 0.64 
45.3 82 
302 209 

Screening Concentration 
Soil to Saltwater 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

40 730 4.3 
400 15 8.5 

1100 2010 NA 
2 I I 0.025 

130 730 61.1 
5 180 71 

34 180 2.7 
1.24 2.9 21.3 

6000 260 NA 
12000 11000 86 

Max. Concentration 

Shallow Deep 
GW GW 

NA NA 
30.7 NA 
749 NA 
ND NA 
3.7 NA 
ND NA 
ND NA 

I1 NA 
13.9 NA 
ND NA 

Soil Water 
Units Units 

MWKG UWL 

MGIKG UWL 

MWKG UWL 

M ~ G  UWL 

MWKG UWL 

MWKG UGA 

MGKG ucn. 
MWKG urn 
MWKG UWL 

YWKG urn  

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concern 

NO NO NO 
YES YES YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
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One organic - 4-Methylphenol - was detected above its SSL in subsurface soil at one location. 

Activities at this site would not preclude the presence of this compound, and its distribution may 

reflect increased mobilization through the soil  column associated with a solvent release, or residual 

soil contamination associated with a smear zone at the soil-groundwater interface. The absence 

of this compound in downgradient groundwater indicates, however, that if it is leaching its lateral 

persistence is insignificant at this site. Three inorganics - arsenic, chromium, and lead - were 

detected above applicable SSLs in surface soil, while only chromium was above its SSL in 

subsurface soil (notably, the lead screening value is health-risk based, not leachability based; this 

is an important consideration in that a number of factors affect inorganic leachability. As a result, 

lead may be present below the r i s k - W  level yet still pose a thnxt to groundwater). Arsenic and 

lead both exhibit attenuation as a function of depth, a pattern consistent with a surficial source. 

Chromium exhibits enrichment with depth at location 620SB007, a factor which suggests either 

a subsurface source or enhanced mobilization associated with a release. Overall, inorganic 

exceedances are limited to the interior area of Building 68, and the area immediately to the 

southeast of this building. The nature of the contamination is consistent with past site activities, 

and releases involving battery rebuilding and associated acid solutions. Chromium was only 

slightly above detection in site groundwater; the migration pathway may therefore have merit but 

the soil does not contain enough residual mass to pose a threat to groundwater. The presence of 

lead in groundwater also indicates that the migration pathway is valid, but not described well at 

this site via use of the health-based screening value. 

10.2.5.2 Groundwater-to-Surface Water Cross-Media Transport 

Table 10.2.9 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 

scmning values). For inorganics, maximum concentrations in groundwater are compared to the 

greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 
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gmndwater, as well as to the saltwater surface water chronic values. To provide a consemative 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison 

to the relevant standards. 

No organic species were detected in groundwater above applicable screening levels. Three 

inorganic species - barium, lead, and thallium - were detected in shallow groundwater at 

concentrations exceeding their respective RBC value. Lead was also present above saltwater 

screening criteria. Thallium was detected in site soil, but at levels below its SSL. This suggests 

that thallium is leachable at the site at levels below its generic SSL, or that it represents an 

ambient occumnce. However, assuming it is sourced at the site, and barring thallium enrichment 

at another downgradient source, it can be expected that thallium will attenuate simply by 

mechanical dispersion in a short travel distance from the site. The presence of lead is consistent 

with leaching from site soil; the highest lead in groundwater and soil are collected. The 

occumnce of lead at sigdlcant concentrations is limited to the area near location 620004. While 

migmtion of lead at deleterious levels in groundwater is plausible, the migration to receptors is 

invalid. The surficial groundwater is not used for potable purposes, nor is it planned to be in the 

future. Therefore, the groundwater migration pathway to human receptors is invalid due to non- 

use of the resource. The nearest surface water receptor to this site is the Cooper River, 

approximately 675 feet to the east. Groundwater flow near the area of high lead does have a 

component of flow to the east. Given the potential for lead to attenuate through adsorption and 

dispersion, and the zone-specific attributes of the aquifer media (porosity, gradient, mineralogy, 

and TOC) it is unlikely that lead concentrations that adversely affect ecological receptors would 

persist to the discharge point. Additionally, discharge at the River would experience significant 

dilution, attenuating concentrations even further. While the data suggest that the groundwater to 

surface water migmtion pathway has merit, they also suggests that the consequent impact, if any, 

is expected to be insignificant. 
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10.2.5.3 Soil-tu-Air Cross-Media Transport 

Table 10.2.10 lists the VOCs detected in surface soil samples collected at SWMU 36 and 

AOC 620, along with cormponding soil-to-air volatilization screening levels. Two VOCs- MEK 

and MIBK - were detected in site soil. These SSL values were estimated. However, even 

assuming that these concentrations pose a potential threat to receptors, the surface soil at the site 

is largely paved. This invalidates the migration pathway. 

10.2.5.4 Fate and Transport Summary 

One organic and three inorganic constituent were detected in site soil at concentrations exceeding 

screening levels. In subsurface soil, these constituents were Limited to one organic and one 

inorganic. Occurrence of contaminants is limited to the Building 68 area and immediately 

southeast of it. The nature and distribution of contaminants is consistent with past activities at the 

site. The organic exceedance in soil is not repeated in groundwater, the occurrence of three 

inorganic exceedances in groundwater is notable. Chromium, which exhibited enrichment at 

depth, was only slightly above detection in site groundwater. Lead, which experienced sigNficant 

attenuation with depth and was below health-based SSL in soil, was detected at significant levels 

in groundwater. The data suggests that chromium transfer to groundwater is insignificant, while 

lead transfer is significant and not adequately addressed through the use of the screening value. 

The occurrences of high lead in soil and groundwater are coincident, thereby establishing a clear 

transfer link. For groundwater, lead and thallium both exceeded applicable RBC values, while 

only lead exceeded saltwater screening criteria. The low concentmtion of thallium can be 

expected to attenuate naturally simply through dispersion over short travel distances. While the 

same can be expected for lead, attenuation distances may be greater due to higher initial 

concentrations. The health risk-based pathway for groundwater is invalid due to non-use of the 

resource. The surface water discharge migration pathway has some merit, however, the distance 

from the site to the discharge point, the tendency for lead to attenuate, and the dilutional effect 



Table 10.2.1 0 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE Charleston, Zone F: SWMU 36 and AOC 620 
Charleston. South Carolina 

Concentration Soil-to- 

42 100000000 

* - Soil screening levels for transfers from soil-to-air were obtained fiom USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region 111 Risk-Based Concentration Table, June 1996. 
Values for 2-butanone estimated. 

NA -Not available 
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upon discharge precludes eonsidering this pathway sigmficant. The soil-to-air pathway is inhibited 

by the presence of pavement overlying surface soil, and is considered insignifkant for this site. 

10.2.6 Human Health Risk Assessment for SWMU 36 and AOC 620 

10.2.6.1 Site Background and Investigative Approach 

SWMU 36 is the site of two releases of s u M c  acid down floor drains with subsequent discharge 

to the soil beneath Building 68. AOC 620 comprises all activities within Building 68 that were 

related to the battery shop formerly located in the building. For putposes of this risk assessment, 

the data from these two site were combined. The following text refers to these sites as combined 

S W M U  36. 

During the RFI, a total of 12 soil samples were collected from the upper interval to identify 

potential impacts resulting from the activities listed above. Subsurface soil samples were collected 

where feasible. Surface soil data were used to quantitatively assess soil pathways in the HHRA. 

Four monitoring wells were installed in the shallow aquifer. The two original wells were sampled 

for VOAs, SVOAs, and metals. The two second-round wells were analyzed for metals. Data 

from the fust quarter sampling event were used to quantitatively assess groundwater exposure 

pathways. Sections 10.2.3 and 10.2.4 provide summaries of the sampling effort for combined 

SWMU 36 soil and groundwater. 

10.2.6.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.2.1 1, the focus of this HHRA is on the following COPCs: Amlor-1254, Aroclor- 1260, 

BEQs, aluminum, arsenic, chromium (assumed to be hexavalent), and lead. Beryllium and 

manganese were detected at maximum concentrations exceeding their RBCs, however, their 

maximum concentrations did not exceed their background concentrations. 



Table 10.2.1 1 
Chemicals Present in Site Samples 
SWMU 36 and AOC 620 - Surface Soil 
NAVBASE - Charleston 
Charteston, South Carolina 

Number 
Exceeding 
RBC Ref. - 

1 
1 

7 

TCDD Equivalents 

amma-Chlordane 

Units 

UGlKG 
UGlKG 

UGlKG 

Screening Concentrations 

RBC Reference 

160 NA 
320 NA 

88 NA 

Range 
of 

SQL 

75 110 
55 110 

878.18 1247.9 

Parameter 

PCBs 
Arodor-1254 
Arodor-1260 

Carcinogenic PAHs 
B(a)P Equiv. 

Frequency 
of 

Detection 

1 8 
3 8 

9 12 

Range Average 
of Detected 

Detection Conc. 

295 295 295 
97 430 256 

20.13 1173 354 



Table 10.2.11 
Chemicals Present in Site Samples 
SWMU 36 and AOC 620 - Surface Soil 
NAVBASE - Charteston 
Charleston, South Carolina 

Frequency Range Average Range reening Concentratio Number 
of of Detected of Exceeding 

Parameter Detection Detection Conc. SQL RBC Reference Units RBC Ref. 

Semivolatile Organics 
2 12 59 140 99.5 380 540 310000 NA UGlKG 
4 12 43 170 91.5 380 540 2300000 NA UGlKG 
8 12 43 550 207 380 540 310000 NA UGlKG 

Benzoic acid 1 12 110 110 

Volatile Organics 

NOTES: 
ldentied as a COPC 

N Essential nutrient 
SQL Sample quanlitation limit 
MGIKG milligram per kilogram 
UGIKG microgram per kilgnrn 
NGlKG nanogram per kilogram 
NA Not applicable 
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Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 1 

screened out on the basis of background concentration. 2 

Groundwater 

As shown in Table 10.2.12, barium, lead, and thallium were idenHed as COPCs in shallow 

groundwater for combined SWMU 36. The Zone F groundwater background value for thallium 

was exceeded in one sample. Arsenic and manganese were detected in first quarter groundwater 

samples at maximum concentrations exceeding their tap water RBCs, however, their maximum 

concentrations did not e x d  their background concentrations. There were inadequate 

groundwater background data to validate Wilcoxon rank sum test analyses, and as a result, this 

corollary background comparison was not performed. 

10.2.6.3 Exposure Assessment 

Exposure Setting 

Combined SWMU 36 is located in an industrialized setting, approximately 675 feet west of the 

water front along the Cooper River. The site is surrounded by buildings, roads, railroad right-of- 

ways, and paved stomge/parking areas. These surface coverings would prevent direct contact with 

soil and would inhibit migration of potential contaminants to groundwater or air. All potable 

water is provided through the city's water supply. Groundwater is not currently nor anticipated 

to be used in the future as potable or process water. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed quantitatively in this risk assessment. Current exposure to 

workers is discussed qualitatively in relation to the future workers and future residents. The 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. 



Table 10.2.12 
Chemicals Present in Site Samples - Groundwater 
SWMU 36 and AOC 620 
NAVBASE - Charleston 
Charleston, South Carolina 

- Identified as a COPC 
N - Essential Nutrient 
SQL - Sample quantitation limit 
UGIL - micrograms per liter 
NA - Not applicable 

Parameter 

Inorganics 
Aluminum (Al) 
Arsenic (As) 
Barium (Ba) 
Cadmium (Cd) 
Calcium (Ca) N 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Iron (Fe) N 
Lead (Pb) 
Magnesium (Mg) N 
Manganese (Mn) 
Nickel (Ni) 
Potassium (K) N 
Sodium (Na) N 
Thallium (TI) 
Vanadium (V) 

Semivolatile Organics 
Benzoic acid 
Ftuorene 

Screening Concentrations 

RBC Reference 

3700 224 
0.045 16.7 

260 94.3 
1.8 0.82 
NA NA 
18 2.05 

220 10.9 
150 NA 
N A NA 
15 NA 

NA NA 
84 2010 
73 5.55 
N A NA 
N A NA 

0.29 5.58 
26 1.58 

15000 NA 
150 NA 

Range 
of 

SQ L 

4 4 
1.05 1.05 
NA NA 

0.25 0.25 
NA NA 
0.4 0.5 
0.4 0.45 
0.3 2.35 
NA NA 

0.45 0.85 
NA NA 
NA NA 

0.35 0.95 
NA NA 
MA NA 
2.5 2.5 

0.55 0.55 

NA NA 
5 5 

Frequency 
of 

Detection 

3 4 
3 4 
4 4 
2 4 
4 4 
1 4 
1 4  
1 4 
4 4 
2 4 
4 4 
4 4 
1 4 
4 4 
4 4 
3 4 
3 4 

2 2 
1 2  

Range Average 
of Detected 

Detection Conc. 

62.3 173 123 
5.3 9.6 7.3 

18.3 460 133 
0.3 0.31 0.31 

74000 129000 101475 
2.2 2.2 2.2 
1.5 1 .S t.5 
2.5 2.5 2.5 

1850 6880 4273 
4.6 30.7 17.7 

6200 359000 101425 
208 749 984 
3.7 3.7 3.7 

7070 169000 51468 
40900 3480000 936450 

2.8 t l  6.3 
1.1 13.9 5.9 

2 3 2.5 
1 1 1.0 

Units 

UGlL 
UGlL 
UWL 
UGlL 
UGIL 
UGIL 
UGlL 
UGIL 
UG/L 
UGlL 
UGlt 
UGlL 
UG/L 
UWL 
UGIL 
UGIL 
UGlL 

UGIL 
UGIL 

Number 
Exceeding 
R8C Ref. 

3 
1 1 

1 

1 4 

4 

3 1 
2 
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Current site workers' exposure would be less than that assumed for the hypothetical future site 

worker scenario because of their limited soil contact (the entire area is either paved or covered 

with buildings). Therefore, future worker assessment is considered to be conservatively 

representative of current site users. The future site resident scenario was built on the premise that 

existing buildings would be removed and replaced with dwelIings. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for current and future site workers are the same 

as those for the future site worker with respect to soil. Uniform exposure was assumed for all soiI 

sample locations. The groundwater pathway for the hypothetical future site residents is incidental 

ingestion of groundwater. No VOCs were reported in first-quarter groundwater samples at 

combined SWMU 36, therefore the inhalation of volatiles pathway was not addressed for this site. 

Table 10.2.13 presents the justification for exposure pathways assessed in this HHRA. 

Table 10.2.13 
Exposure Pathways Summary - Combined SWMU 36 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exclusion 

Conat Site Air,Inh.lrtirmofgaseous No ~ a t e a n d t k p o r t ~ d i d n o t i d e a t i f y  
Ueec9/Mntrtmowx - , c ! 4 m t a m b w b  any COPCcforthisinmn#utpab~m 

fromddil. ' ?" pathway. 

Air, Inhalation of No Little surface soil is exposed at combined 
chemicals entrained in SWMU 36, inhibiting fugitive dust 
fugitive dust generation. Therefore, this exposure 

pathway was considered insignificant 
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Table 10.2.13 
Exposure Pathways Summary - Combined SWMU 36 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Expasure Pathway Selected 

Soil, Incidental ingestion No (Qualified) Future land use assessment is considered to 
be conservatively representative of current 

Future Land Uses 
~ .. .L. 

. . ,..,. . , .. .' . 
, , ,&, ,hiimbl gsmur 

" . i  ,:. 
mllresik , . NO ' . ~ r ~ t c d - . s c r & d i n e & ~ ~ i d w t i f y  
R,,,Jj&,& (W, . .?i. ~" omnart* ; , 3.: ; , .~;*&:,~pcl,*,&&* .lp-rr 
pnd xdofO & . :: >,.,? ' . ' h . s o i f .  . .. . . ".::;? .,.... ' puhhy;.. .?, .;. '. i ';.x.! L ?  "&-, ..,, 

Future Site Worker i , '  -'! 

Air, Inhalation of No Little surface soil is exposed at combined 
chemicals entrained in SWMU 36, inhibiting fugitive dust 
fugitive dust generation. Therefore, this exposure 

pathway was considered insignificant 

Shallow groundwater, No Volatile COPCs were not identified 
Inhalation of volatilized subsequent to risk-based screening 
contaminants during comparisons. 

Soil, Dermal contact Yes COPCs were identified subsequent to risk- 
based and background screening 
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Table 10.2.13 
Exposure Pathways Summary - Combined SWMU 36 

NAVBASE - Zone F 
Charleston, Sou& Caroline 

Potentially Exposed Medium and Exposure Pathway Selected 

Fruits and vegetables, No The potential for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown in media exposure pathways assessed. 

Exposure Point Concentrations 

Except for Aroclor-1254 and Aroclor-1260, 95 % UCLs were calculated for soil COPCs. These 

UCLs are presented on Table 10.2.14 and were used as EPCs to estimate exposure to site surface 

soil. Less than ten surface soil samples were analyzed for Aroclor-1254 and Aroclor-1260, and 

as a result, maximum detected concentrations were used as exposure point concentrations (EPCs), 

as discussed in Section 7 of this RFI. Since groundwater COPCs cannot be associated with a 

specific plume, their maximum concentrations were used as their EPCs. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.2.15 and 10.2.16, 

respectively. 

Groundwater 

The CDIs for groundwater ingestion are presented in Table 10.2.17. 



Table 10.2.14 
Summary of Statistical Analysis 
Surface Soil COPCs; SWMU 36 and AOC 620 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

Natural Log Transformed UCL MAX 
COPC n mean SD H-stat (mgntg) (mgkg) 

PCBs 

Semivolatile Organics 
Benzo(a)pyrene equivalents 12 5.551 1.141 3.182 1.5 1.2 

NOTES: 
mean 
n 
SD 
H-stat 

EPC 

(mgkg) 

1.2 Max 

Inorganics 
Aluminum (Al) 12 7.946 1.654 4.220 90979 21100 
Arsenic (As) 12 1.680 1.451 3.797 81 31.5 
Chromium (Cr) 12 2.245 1.108 3.120 49 43.2 
Lead (Pb) 12 4.789 1.553 4.008 2621 2660 

NA 
EPC 
UCL 
MAX 

21100 Max 
32 Max 
43 Max 

2621 95%UCL 

Arithmetic mean of the logtransformed data 
Number of samples analyzed 
Standard deviation for a sample of data 
"H" statistic ftom Gilbert 1987; cuboidal interpolation was used to determine the value in 
accordance with USEPA Supplemental Guidance to RAGS, Calculating the Concentration Term 
Not applicable 
Exposure point concentration 
95 percentile upper confidence level mean 
Maximum reported concentration 



Table 10.2.15 
Chronic Daily Intakes 
Incidental Ingestion of Surface Soil 
SWMU 36 and AOC 620 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 

Fraction Exposure 
Ingested from Point 
Contaminated Concentration 

Chemical source * (mgkg) 
PCBs 

Aroclor 1254 I 0.30 
Aroclor 1260 I 0.43 

inorganics 
Aluminum (Al) 
Arsenic (As) 
Chromium (Cr) 
Lead (Pb) 

Future Future Future 
Resident adult Resident child Resident lwa 

H-CDI H-CDI C-CDI 

Semivolatile Organics 
Benzo(a)pyrene equivalents 1 1.2 

NOTES: 
Iwa Lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B 
CDI Chronic Daily Intake in mag-day 
H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 
* Reflects the estimated fraction of the site impacted by the corresponding COPC 

(m@g-day) (mg/kg-day) (mg/kg-da~) 

4.OE-07 3.8E-06 4.6E-07 
5.98-07 5.5E-06 6.7E-07 

(mglkg-day) (mg/kg-da~) 

1.4E-07 5.2E-08 
2.1 E-07 7.5E-08 

1.6E-06 1.5E-05 1.8E-06 5.7E-07 2.OE-07 



Table 10.2.16 
Chronic Daily Intakes 
Dermal Contact with Surface Soil 
SWMU 36 and AOC 620 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

Exposure Dermal 
Point Absorption 

Concentration Factor 
Chemical FWC * (mg/kg) (unitless) 

PCBs 
Aroclor 1254 1 0.30 0.01 
Aroclor 1260 1 0.43 0.01 

Inorganics 
Aluminum (Ai) 
Arsenic (As) 
Chromium (Cr) 
Lead (Pb) 

Future Future Future 
Resident adult Resident child Resident lwa 

H-CDI H-CDI C-CDI 

Semivolatile Organics 
Benzo(a)pyrene equivalents I 1.2 6.6E-07 2.2E-06 4.1 E-07 

NOTES: 
CD1 Chronic Daily Intake in rngkg-day 
H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 
* Reflects the estimated fraction of the site impacted by the corresponding COPC 

The dermal absorption factor was applied to the exposure point concentration 
to reflect the ability for trans-dermal migration of inorganic and organic chemicals 

Future Future 
Worker adult Worker adult 

H-CDI C-CDl 
(mglkg-day) (mgtkg-day) (mglkg-day) 

1.7E-07 5.5E-07 1 .OE-07 
2.4E07 8.OE-07 1.5E-07 

4.7E-07 1 .?E-07 

(mglkg-day) (mg/kg-day) 

1.2E-07 4.2E-08 
1.7E-07 6.2E-08 



Table 10.2.17 
Chronic Daily Intakes 
Ingestion of COPCs in Groundwater 
SWMU 36 and AOC 620 
Naval Base Charleston Zone F 
Charleston, South Carolina 

Exposure 
Point 

Concentration 
Chemical (mdliter) 

NOTES: 
Iwa lifetime weighted average 
CDI Chronic Daily Intake 
H-CDI Non-carcinogenic hazard based Chronic Daily Intake 
C-CDI Carcinogenic risk based Chronic Daily Intake 

Inorganics 
Barium 0.46 
Thallium 0.01 1 

Future Future Future 
Resident adult Resident child Resident Iwa 

H-CDI H-CDI C-CDI 
(mg/kg-da~) (mdkg-da~) (mgfkg-da~) 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 
(mg/kg-da~) (mg/kg-day) 

1.26E-02 2.94E-02 6.93E-03 
3.01E-04 7.03E-04 1.66E-04 

4.50E-03 2.2 1E-03 
1.08E-04 5.29E-05 
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10.2.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.2.18 

presents toxicological information specific to each COPC identified at combined SWMU 36. This 

information was used in the quantification of risWhazard associated with soil and groundwater 

contaminants. Brief toxicological profiles for each COPC are provided in the following 

paragraphs . 

Aluminum is one of the most abundant metals in the earth's crust (7% aluminum), and it is 

ubiquitous in air and water, as well as soil. This metal is water-soluble, silvery, and ductile, 

which suggests its usefulness in many processes. Ingesting aluminum can affect the absorption 

of other elements within the gastmintesthal tract and can alter intestinal function. Aluminum can 

potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on 

the gasbpintesthal system is the inhibition of acetylcholine-induced contractions, which are part 

of the neum-muscular system controlling bowel muscles. The effect couM explain why 

alumhumcontaining antacids often produce constipation and indicates aluminum could affect the 

uptake of other chemicals. Aluminum dust is moderately flammable and explosive in heat. 

Inhaling this dust can cause fibrosis (aluminosis) (Klaassen, et al., 1986; Dreisbach et d., 1987). 

No data are available on an applicable SF or the USEPA cancer group. The USEPA Region IV 

Office of Health Assessment suggested using the provisional o d  RfD of 1.0 mglkg-day. The 

aesthetic-based secondary MCL (SMCL) for drinking water is 50 to 200 pg/L. 

Amenic exposure via the ingestion mute causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 

cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.3 pglkg-day as the Rfl) for arsenic 

based on a NOAEL of 0.8 ~glkg-day in a human exposure study. Arsenic's effects on the 

nervous and cardiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 
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of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, which set the 1.5 mgfkg-day" SF. As Listed in IRIS the basis for the classification 

is sufficient evidence from human data. An increased lung cancer moaality was observed in 

multiple human populations exposed primarily through inhalation. Also, increased mortality from 

multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased incidence of 

skin cancer were observed in populations consuming drinking water high in inorganic arsenic. 

Human milk contains about 3 pg/L arsenic. As listed in IRIS the critical effect of this chemical 

is hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was 

determined to be 3 and the modifying factor was determined to be 1. 

Barium is used in various alloys, paints, soap, and manufacture processes. Barium sulfate is used 

to aid x-ray diagnosis. This element is relatively abundant in nature and is found in plant and 

animal tissue. Brazil nuts contain 3 to 4 mg per gram nuts. The fatal absorbed dose of barium 

is approximately 1,000 mg (for humans). Assuming an absorption efficiency of five percent for 

barium, 20,000 mg ingested barium could be fatal. Major toxic effects of this element are muscle 

stimulation, central nervous system effects, and effects on the heart. The major critical effect is 

increased blood pressure. USEPA determined the RfDo and RfDi to be 0.07 and 1.43E-4 mglkg- 

day, respectively Wisbach, et al, 1987) (Klaassen, et al, 1986), based on a medium confidence 

level. The oral uncertainty factor for barium is 3 and the oral modifying factor is 1. Barium has 

been issued a carcinogenic weight-of-evidence classification of "D". 

Chromium exists in two stable, natural forms: trivalent (m) and hexavalent (VI). Acute 

exposure to chmmiurn can result in kidney damage following oral exposure or damage to the nasal 

mucosa and septum following inhalation exposure. Chronic inhalation exposure to hexavalent 

chromium has resulted in kidney and respiratory tract damage, as well as excess lung cancer in 

both animals and humans following occupational exposure. Only hexavalent chromium is believed 
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to be carcinogenic by inhalation @US, 1995). Oral RfD values for both foms of chromium are 

1.0 and 5E03 mglkg-day . For trivalent chromium, the RfD is based on liver toxicity in the rat. 

For the hexavalent form, the IUD is based on unspecified pathological changes observed in rat 

studies. In addition, hexavalent chromium is considered a group A carcinogen for inhalation 

exposures, and a SFo of 42 mg/kg/dayY1 has been established for the hexavalent fom. Vitamin 

supplements contain approximately 0.025 mg of chromium. As listed in IRIS, no critical effects 

were observed for chromium 0. The uncertainty factor was 100 and the modifying factor was 

10. As listed in IRIS, no critical effects were observed for chromium (VT). The uncertainty 

factor was 500 and the modifying factor was 1. 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD or 

SF has been set by USEPA. However, an action level for soil protective of child residents has 

been proposed by USEPA Region IV: 400 mgikg. USEPA's Office of Water has established a 

treatment technique action level of 15 pg/L, As listed in IRIS, the classification is base on 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 

lead salts. Animal assays provide reproducible results in several laboratories, in multiple rat 

strains with some evidence of multiple tumor sites. Short-term studies show that lead affects gene 

expression. Human evidence is inadequate. An RfD and SF have not been set because of the 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 

observed in the CNS, blood, and mental development of children. FUDs are based on the 

assumption that a threshold must be exceeded to result in toxic effects (other than carcinogenicity). 

Once lead accumulates in the body, other influences cause the actual levels in the blood to 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 

exposed individual has previously been exposed to lead, this individual couM lose weight and set 

fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 

reasons lead effects are difficult to predict (Klaassen et al., 1986). 
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IRalZiurn is readily absorbed through the gut and skin. Primary effects are stomach and bowel I 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 2 

past as a rodenticide and ant killer, and its use for these pupses  is now prohibited. This element 3 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 4 

USEPA's RfDo for thallium is 0.00008 mglkg-day (Klaassen, et al., 1986; Dreisbach, et al., s 

BEQs include the following list of PAHs: 

Benzo(a)anthracene 

Benzo@)fluoranthene 

Dibenz(a, h)anthracene 

BenzoQfluoranthene 

Benzo(a)p yrene 

Indeno(l,2,3-cd)pyrene 

Chrysene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEW 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 mglkg-day*'. TEF, also set 

by USEPA, are multipliers that are applied to the detected concentrations, which are subsequently 

used to calculate excess cancer risk. These multipliers are discussed further in the exposure and 

toxicity assessment sections. Most carcinogenic PAHs have been classifled as such due to animal 

studies using large doses of purified PAHs. There is some doubt as to the validity of these 

listings, and the SFs listed in USEPA's RBC table are provisional. However, these PAHs are 

carcinogens when the exposure involves a mixture of other carcinogenic substances (e. g . , coal tar, 
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soot, cigarette smoke, etc.). As listed in IRIS, the basis for the benzo(a)pyrene B2 classification 

is human data specifically linking bem(a)pyrene to a carcinogenic effect are lacking. There are, 

however, multiple animal studies in many species demonstmting benzo(a)pyrene to be 

carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was veI.ified (see 

Additional Comments for Oral Exposure). This section provides information on three aspects of 

the carcinogenic risk assessment for the agent in question: the USEPA classification and 

quantitative estimates of exposure. The classif~cation reflects a weight-of-evidence judgment of 

the likelihood that the agent is a human carcinogen. The quantitative risk estimates are presented 

in application of a lowdose extrapolation pnxedure and presented as the risk per mglkg-day. The 

unit risk is the quantitative estimate in terms of either risk per pglL drinking water or risk per 

,ug/m3 air breathed. The third form in which risk is presented is drinking water or air 

concentration providing cancer risks of 1 in 10,000 or 1 in 1,000,000. The Carcinogenicity 

Background Document provides details on the carcinogenicity values found in IRIS. Users are 

referred to the Oral Reference Dose and Reference Concentmtion sections for information on 

long-term toxic effects other than carcinogenicity. 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no 

human data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in 

mice exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS the basis for the benzo(k)fluoranthene 
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B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered 

with a promoting agent in skin-painting studies. Equivocal results have been found in a lung 

adenoma assay in mice. Bem(k)fluomthene is mutagenic in bacteria. (Klaassen, et al., 1986). 

PCB Amclors are a group of chlorinated hydrocarbons (such as Aroclors-1248, 1254, and 1260) 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes 

eye and lung irritation, loss of appetite, Liver enlargement, increased serum liver enzyme levels, 

rashes and chloracne, and decreased birth weight of infants in heavily exposed workertmothers. 

Of the effects listed above, the liver is the primary target organ (Klaassen, et al, 1986) (Dreisbach, 

et al, 1987). USEPA classified PCB Aroclors as group B2 probable human carcinogens, primarily 

based on animal data. Oml ingestion of PCBs causes liver and stomach tumors in rat studies. The 

cancer potency of PCB mixtures is determined using a tiered approach. The high risk and 

persistence tier uses an upper-bound dope factor of 2.0 mgtkg-day" and is appropriate for food 

chain exposures, sediment and soil ingestion, dust or aerosol inhalation, and dermal exposure. The 

low risk and persistence tier uses an upper-bound slope factor of 0.4 mg/kg-day-' and is 

appropriate for ingestion of water soluble congeners and inhalation of evaporated congeners. The 

lowest risk and persistence tier uses an upper-bound slope factor of 0.07 mg/kg-day" and is 

appropriate for PCB congener mixtures with congeners having more than four chlorines 

comprising less than 112 % of the mixture. 

10.2.6.5 Risk Characterization 20 

Surface Soil Pathways 21 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 22 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 23 

were evaluated. For nonminogenic contaminants evaluated for future site residents, hazard was 24 

computed sepamtely to address child and adult exposure. Tables 10.2.19 and 10.2.20 present the 25 
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computed carcinogenic risks and/or HQs associated with the incidentid ingestion of and dermal 

contact with site surface soils, respectively. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for combined 

SWMU 36 surface soils is 9E-05. The dermal pathway ILCR is 2E-05. Arsenic and BEQs were 

the primary contributors to the ingestion and dermal pathways, accounting for close to 80 % of the 

cumulative risk, while Aroclor- 1260 was a secondary contributor. 

The computed hazard indices for the adult resident was 0.2 for the soil ingestion pathway and 0.05 

for the dennal contact pathway. The computed hazard indices for the child ingestion and dermal 

contact pathways were 2 and 0.2, respectively. The primary contributor to HI projections is 

arsenic, accounting for close to 70% of the cumuIative HI, with Aroclor-1254, aluminum, and 

chromium as secondary contributors. 

Hypothetical Site Workers 

Site worker ILCRs are 1E-05 and 6E-06 for the ingestion and dermal contact pathways, 

respectively. Arsenic and BEQs were the primary contributors for each pathway. Hazard indices 

for the ingestion and dermal pathways were projected to be 0.07 and 0.04, respectively, for the 

hypothetical future site worker scenario. 
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Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under a residential scenario based on the 

results of the fust quarter sampling event. The ingestion exposure pathway was evaluated 

assuming the site groundwater will be used for potable and/or domestic purposes and that an 

unfiltered well, drawing from the corresponding water bearing zone, will be installed. For 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 

separately for child and adult receptors. Table 10.2.21 presents the risk and hazard for the 

ingestion pathway. Since no VOCs were identified as COPCs in groundwater at combined 

SWMU 36, the inhalation pathway was not addressed at this site. 

Hypothetical Site Residents 

The hazard indices for the adult and child resident are 9 and 4, respectively. Thallium is the 

primary contributor to HI projections, accounting for approximately 95 % of the cumulative HI. 

Barium was a secondary contributor to HI projections. 

Hypothetical Site Workers 

The shallow groundwater hazard index for the ingestion exposure pathway is 1. Thallium is the 

primary contributor to HI projections for the future site worker scenario. 

Current Site Workem 

Shallow groundwater is not currently used as a potable water source for combined SWMU 36 or 

other areas of Zone F. In the absence of a completed exposure pathway, no threat to human 

health is posed by reported shallow groundwater contamination. 
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Lmd Toxicity 

Background 

Cumt ly ,  USEPA has not established an oral SF or reference dose for lead. USEPA believes that 

the available studies in animals and humans do not provide sufficient quantitative information for 

their calculation. Although lead is currently classified as a B2 carcinogen, USEPA considers the 

noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 

establishing health-based environmental cleanup objectives. The neurotoxic effects of chronic 

low-level lead exposure in children may occur at blood levels as low as 10 ,ug/L. 

In the absence of lead health criteria, USEPA Region IV's Office of Health Assessment sanctions the 

use of the Lead Uptakeh3iokinetics Model (Version 0.99d) (Lead Model) to predict mean blood lead 

levels in children based on exposure to impacted environmental media. The model was used to 

assess the potential health effects of elevated lead levels reported in surface soil and groundwater 

at combined SWMU 36. 

Future Residential Scenario 

The Lead Model default concentrations are used for exposure to air (0. l Pb g/m3) and maternal 

blood lead level (2.5 Pb per pgldl). In the case of combined SWMU 36 surface soil, an area of 

elevated lead concentrations was identified as boring location 620SB004 and the five additional 

sampling locations surrounding this point (locations 036SB001,036SB002, 036SB003, 620SB003, 

and 620SB007). The total area encompassed by these locations is approximately one-half acre. 

The mean surface soil lead conenbation at these sample points (809 mgikg) was used as the input 

for soil and house dust. The maximum groundwater concentration of lead (30.7pgIL) was 

detected in the sample collected from monitoring well 620004 and was used as the input for 

drinking water. The Lead Model was run for a child ages 0-7 years using the inputs listed above. 

Table 10.2.22 summarizes the Lead Model results under these exposure conditions. 



Table 10.2.22 
Lead Model Results - Residential Scenario 

S W M U  36 and AOC 620 
NAVBASE - Charleston, Zone F 

Charleston, South Carolina 

AIR CONCENTRATION: 0.100 ug Pblm3 DEFAULT 
Indoor AIR Pb Conc: 30.0 percent of outdoor. 

Other AIR Parameters: 
Age Time Outdoors (hr) Vent. Rate (m3lday) Lung Abs. (4%) 
0- 1 1 .O 2.0 32.0 
1-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32 .O 
5-6 4.0 7.0 32.0 
6-7 4 .O 7.0 32.0 

DIET: DEFAULT 
DRINKING WATER Conc: 30.70 ug P b L  

WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: constant conc. 
Dust: constant conc. 
Age Soil (ug Pb/g) 
0- 1 809.0 
1-2 809.0 
2-3 809.0 
3-4 809.0 
4-5 809.0 
5-6 809.0 
6-7 809.0 

Additional Dust Sources: 

House Dust (ug Pblg) 
809.0 
809.0 
809.0 
809.0 
809.0 
809.0 
809.0 
None DEFAULT 

PAINT Intake: 0.m ug Pblday DEFAULT 
MATERNAL CONTRIBUTION: Infant Model 

Maternal BIood Conc: 2.50 ug Pb/dL 

CALCULATED BLOOD Pb and Pb UPTAKES: 
Blood Level Total Uptake Soil +Dust Uptake 

YEAR (ug/dL) (ug/day) 
--------* ---------- (uglday -------- -------*------------ 

0.5-1: 10.9 20.76 16.17 
1-2: 13.0 32.32 24.42 
2-3: 12.4 33.94 25.23 
3-4: 12.0 35.05 26.04 
4-5: 10.4 30.22 20.49 
5-6: 9.1 29.42 18.88 
6-7: 8.3 29.17 18.08 

Diet Uptake 

---------- 
2.17 
2.15 
2.50 
2.48 
2.54 
2.74 
3.07 

Water Uptake 
(uglhy) 

Paint Uptake 
(uglday 1 

Air Uptake 
(uglday 1 

*--------- 

0.02 
0.03 
0.06 
0.07 
0.07 
0.09 
0.09 
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Figure 10.2-16 shows the probability percentage of blood lead levels for a child 0 to 7 years old. 

Based on this model output using the mean soil lead concentration in the "worst case half-acre" 

and maximum groundwater results, the geometric mean blood concentrations is estimated to be 

10.7 pgidl, and the probability of blood lead concentration exceeding 10 &dl is 52.78%. 

USEPA generally considers that media concentrations resulting in probability percentage estimates 

of 5% or less sufficiently protect potential child receptors. As a result, surface soil and/or 

groundwater lead would require corrective action under this hypothetical exposure scenario. 

Future CommerciaMndustrial Scenario 

In coodimtion with USEPA Region IV's Office of Health Assessment, a conservative exposure 

scenario was developed to assess the signifcance of lead concentrations reported in soil and 

groundwater samples collected at combined SWMU 36 under an future industrial scenario. This 

scenario involves a child (age 5 to 6) who gains access to the most heavily contaminated for 

one day and is maximally exposed. Additionally, the same child ingests one liter of water drawn 

from monitoring well 620004. The scenario was based on the proposed future use of this area. 

Base reuse plans indicate that the area will maintain its current industrial use. The exposure 

frequency was based on the child accompanying a parent to work at a nearby building on a one- 

time basis and wandering into the area of contaminated soil. This exposure scenario also assumes 

that the buildings potable water supply is drawn from the maximally contaminated portion of the 

shallow aquifer. 

Exposu~ to site soil and groundwater was addressed as an additional exposure relative to typical 

exposures encountered at the child's place of residence. This additional exposure was presented 

as an alternate source within the constructs of the Lead Model. The only modification made to 

standard default assumptions in the lead model was raising the drinking water lead concentration 

to the treatment technique action level (TTAL) of 15 g / L .  This change was made to provide a 

conservative estimate of daily intake from sources unrelated to combined SWMU 36. 



I08 I I I 

cutoff: ie.me USAL 
Ceo Mean CCH) = 10.7 

90 Intersect: 52.78 % - 

80 - - 

76 - - 

68 - - 

50 - - 
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48 - - 

38 - * 

20 - - 

1B - - 

a 
0 5 I0 15 20 25 30 35 46 

.99d BLOOD LECID CONCENTRQTION <ug/dL) 
0 to 84 Months 
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NAVAL CHARLESTON 

FIGURE 10.2.16 
PROBABILITY DISTRIBUTION OF BLOOD LEAD 
LEVELS FOR CHILD 0-7 YEARS RESIDENTIAL 

SCENARIO - swnu a6 AND AOC 620 
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The assumption was made that this child would ingest 0.1 grams of soil from the most heavily 

contaminated a w  and one liter of contaminated groundwater. In the case of combined SWMU 36 

surface soil, the lead "hot spot" is represented by borings 036SB001, 036SB002, 036SB003, 

620SB003, 6203B004, and 620SB007. The total area encompassed by these locations is 

approximately one-half acre, and the mean surface soil lead concentration is 809 mglkg. 

Additionally, the child would ingest one liter of water from the most heavily contaminated portion 

of the aquifer (30.7 pglL). Within the Lead Model, an alternate source was entered to account 

for exposure to site soil and groundwater as previously discussed. The bioavailability of lead 

ingested from the alternate source was equal to that of lead ingested through water consumption 

from the standard residential default source. The annual alternate source exposure was estimated 

to be 0.3 pg leadlday . Table 10.2.23 summarizes the Lead Model results under these exposure 

conditions. 

Figure 10.2-17 shows the probability percentage of blood lead levels for a child 5 to 6 years old. 

Based on this model output, the geometric mean blood level is estimated to be 3.8 pgidl, and the 

probability of blood lead levels in excess of 10 pgidl is 1.99%. USEPA generally considers 

media concentrations that result in probability percentage estjmates of 5% or less sufficiently 

protective of potential child receptors. As a result, neither surface soil nor groundwater lead at 

combined SWMU 36 would require specific action under this hypothetical future exposure 

scenario. However, the concentration of lead reported for two surface soil samples (620SB001 

and 620SB004) exceeded the its adult screening level (1,300 mgikg). 

Current exposure to child receptors is highly unlikely at combined SWMU 36 due to the 

industrialized n a t u ~  of the am. Current exposure to site workers is limited to soil pathways only 

since groundwater is not currently used to provide potable or proms water. Direct contact to lead 

contaminated soil is currently prevented for much of combined SWMU 36 due to surface 

coverings such as building and pavement. 





Table 10.2.23 
Lead Model Results - CommerciaI/IndustriaI Scenario 

SWMU 36 and AOC 620 
NAVBASE - Charleston, Zone F 

Charleston, South Carolina 

AIR CONCENTRATION: 0.100 ug Pblm3 DEFAULT 
Indoor AIR Pb Conc: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors (hr) Vent. Rate (m3lday) Lung Abs. ( 9 6 )  
0- 1 1 .O 2.0 32 .O 
1-2 2.0 3 .O 32.0 
2-3 3 .O 5.0 32.0 
3-4 4.0 5 .O 32.0 
4-5 4.0 5 .O 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 
DRINKENG WATER Conc: 15.00 ug P b L  WATER Consumption: DEFAULT 

SOIL & DUST - Soil: constant conc. Dust: constant conc. 
Age Soil (ug Pblg) House Dust (ug Pblg) 
0- 1 200.0 200.0 
1-2 200.0 200.0 
2-3 200.0 200.0 
3-4 200.0 200.0 
4-5 200.0 200.0 
5-6 200.0 200.0 
6-7 200.0 200.0 

Additional Dust Sources: None DEFAULT 

Alternative Source Intake: varied by year as follows: 
0-1: 0.00 ug Pblday 
1-2: 0.00 ug Pblday 
2-3: 0.00 ug Pblday 
3-4: 0.00 ug Pb/day 
4-5: 0.00 ug Pblday 
5-6: 0.30 ug Pblday 
6 7 :  0.00 ug Pblday 

MATERNAL CONTRIBUTION: Infant Model Maternal Blood Conc: 2.50 ug PbldL 

CALCULATED BLOOD Pb and Pb UPTAKES: 
Blood Level Total Uptake Soil +Dust Uptake 

YEAR (ug1dL) (uglda~) (uglday) 
--------- -------- -----*-*-----*--- 

0.5-1: 4.6 8.52 4.63 
1-2: 5.4 13.16 7.21 
2-3: 5.1 13.81 7.30 
3-4: 4.9 13.97 7.41 
4-5: 4.3 12.34 5.61 
5-6: 3.8 12.40 5.09 
6-7 : 3.5 12.42 4.83 

Diet Uptake 
tug/day) 
----**---- 

2.51 
2.57 
2.93 
2.85 
2.81 
2.99 
3.31 

Water Uptake 
(uglday) 

---------- 
1.36 
3.34 
3.52 
3.64 
3.86 
4.10 
4.19 

Paint Uptake 
(ug/day) 
---------- 

0.00 
0.00 
0.00 
0.00 
0.00 
0.14 
0.00 

Air Uptake 
(uglday) 

---------- 
0.02 
0.03 
0.06 
0.07 
0.07 
0.09 
0.09 
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- - - .- 

COCs Identified 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 

for this site on a medium-specific basis. USEPA has established a generally acceptable risk range 

of 1E-04 to 1E-06, and a hazard index threshold of 1.0 (unity). As recommended by SCDHEC, 

a COC was considered to be any chemical contributing to a cumulative risk level of 1E-06 or 

greater and/or a cumulative hazard index above 1.0, and whose individual ILCR exceeds 1E-06 

or whose hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, 

because a cumulative risk level of 1E-04 (and individual lLCR of 1E-06) is recommended by 

USEPA Region IV as the trigger for establishing COCs. The COC selection method presented 

was used in order to provide a more comprehensive evaluation of chemicals contributing to 

carcinogenic risk or noncarcinogenic hazard during the remedial goal options development 

process. Table 10.2.24 presents the COCs identifed for combined SWMU 36 surface soil and 

shallow groundwater. 

Surjace Soils 

Future Site Residents 

Arsenic, Aroclor-1260, and BEQs were identified as the soil pathway COCs based on their 

contribution to cumulative ILCR projections. Aluminum, arsenic, Aroclor- 1254, and chromium 

(assumed to be hexavalent) were identified as soil pathway COCs based on their contribution to 

cumulative HI projections. Chromium was identified as a COC based on the assumption that it 

exists in the hexavalent state. This is a highly conservative assumption as chromium in the 

trivalent state is generally predominant. This issue is further discussed in the uncertainty section. 

Lead was also identified as a soil COC based on the output of the lead model with respect to the 

hypothetical child resident. 
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Future Site Workers 

Arsenic and BEQs were identified as the soil pathway COCs based on their contribution to 

cumulative ILCR projections. 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 

reported concentration for each COC identified above. Aluminum was detected above its 

residential RBC in only two of 12 surface soil samples. Arsenic was detected above its residential 

RBC in 1 1 of I2 surface soil samples; however, it was only detected in two samples above its 

background concentration. Chromium was detected above its residential RBC for the hexavalent 

species in only one of 12 surface soil samples; its mean detected concentration (14.9 mglkg) was 

below the RBC for its hexavalent species (39 mg/kg). BEQs were detected above the residential 

RBC in seven of 12 surface soil samples. Elevated BEQs were identified in surface soil sample 

620SB008, othemise concentrations were lower for the rest of the site. Elevated concentrations 

of Amlor-f 254 and ArocIor- 2 260 were reported in surface soil sample 62OSB004. Aroclor- 1254 

was not detected in any other surface soil sample and Anxlor-1260 was detected in two additional 

surface soil sampIes (620SB001 and 620SB003). 

First Quarter Groundwater 

Barium was detected at a concentration exceeding its tap water RBC in only one of four fust 

q&r groundwater samples. Thallium exceeded its tap water RBC in all three of the first quarter 

groundwater samples in which it was detected. Thallium exceeded its background value in one 

first-quarter groundwater sample. 
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10.2.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and cumnt exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commerc~industrial use of this 

area of Zone F. If this area were used as a residential site, the buildings and other structures 

would be dernofished, and the surface soil conditions would likely change - the soils couM be 

covered with landscaping soil andlor a house. Consequently, exposure to surface soil conditions 

as represented by samples collected during the RFI would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 

generally overestimate the risk and hazard posed to current site workers and future site residents. 

Gmndwater is not currently used at combined SWMU 36 for potable or industrial purposes. A 

base-wide system provides drinking and process water to buildings throughout Zone F. This 

system is slated to remain in operation under the current base reuse plan. As a result, 

groundwater is not expected to be used under future site use scenarios. Therefore, the scenario 

established to project risWhazard associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed in the future. 

Deterniltation of Exposure Point Concentmlions 

Either a 95 % UCL or a maximum detected soil constituent concentration was used as the EPC for 

COPCs identified for this site. Use of 95 % UCLs and maximum detected concentrations represent 

conservative assumptions when applied as the EPC, such that it is unlikely for the true mean 
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COPC concentrations exceed these point estimates. Since it was impossible to define a barium 

plume with only one monitoring well, groundwater hazard was calculated using the maximum 

concentration of barium as the EPC. This is a conservative assumption since the barium 

concentrations in groundwater samples collected from the other three monitoring wells were much 

lower. Since there were only four groundwater sample points for thallium, the maximum thallium 

concentration was used as its EPC as well. This is also a conservative approach since thallium 

was not detected in any second quarter groundwater sample. Use of maximum concentrations as 

EPCs provides an overestimation of hazard since the average groundwater concentration over time 

is likely to be much lower than the maximum first quarter concentration. 

Frequency of Detection and Spcltial Distribution 

Aluminum (12 of 12), arsenic (1 1 of 12), and chromium (12 of 12) were detected frequently in 

surface soil samples. However, concentrations of these COCs exceeding background were only 

reported in surface soil samples 620SB008 (aluminum, arsenic, and chromium), and 620SB007 

(arsenic only). Amlor-1 254 was only detected in one surface soil sample above its residential 

RBC and Aroclor-1260 was only detected above its residential RBC in one surface soil sample. 

Aroclor-1260 was only detected in two other surface soil samples at concentrations well below it 

residential RBC. BEQ compounds were detected above risk-based concentrations in 7 of 12 

surface soil samples; however, background levels of BEQs at NAVBASE have also exceeded 

risk-based concentrations. Additionally, many of the soil sample locations were situated near or 

underneath asphalt, which may explain the presence of this group of constituents. 

M u m  was detected in three first qumer groundwater samples at concentrations exceeding its 

tap water RBC and was not detected in any second quarter groundwater samples. Thallium was 

reported in samples collected from Zone F background wells at wncentmtions ranging from 4.8 to 

6.6 pglL. Thallium concentrations reported for first quarter groundwater samples ranged from 

2.8 to 11 1glL. These findings suggest that the occurrence of thallium in the surficial aquifer is 
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common in Zone F. Barium was detected in first and second quarter groundwater sample 

collected from 620001 at a concentration above its tap water RBC but was not reported at 

concentrations exceeding its RBC in the remaining three wells (through the second quarter 

sampling event). 

Quantification of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

A conservative screening process was used to identify COPCs for combined SWMU 36. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncminogens through the use of RBCs that were reduced one order of magnitude. 

For carcinogens, the RBCs axe based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 

of a significant contribution to riswhazard based on eliminated CPSSs. Of the CPSSs screened 

and eliminated from formal assessment, none was reported at a concentration near its RBCs (e. g . 
within 10% of its RBC). Chromium was carried through the risk assessment using the toxicity 

parameters for the hexavalent species, which would tend to overestimate hazard projections if in 

fact the trivalent species is predominant for combined SWMU 36 soil. Two surface soil samples 

were analyzed for hexavalent chromium both of which reported nondetects for hexavalent 

chromium. This would suggest that most of the chromium exists as trivalent chromium. 

Berylhum and manganese were eliminated from consideration in the HHRA based on comparison 

of their maximum detected concentrations to their background concentrations, even though their 



Zone F RCRA Facility Investigation Report 
NAVBASE Charleston 

Section 10 - Site-Spec@c Evaluations - - 
Revision: 0 

maximum concentrations exceeded their RBCs. Wilcoxon rank sum test analysis confirmed that I 

site concentrations of these elements were consistent with background concentrations. 2 

Groundwater 

The same cuflsewative screening p m s s  used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none was reported at a concentration close to 

its RBC (e.g. within 10% of its RBC). Arsenic and manganese were eliminated from 

consideration in the HHRA since their maximum concentrations did not exceed their background 

concentrations. No Wilcoxon rank sum test analyses was performed since their were too few 

background groundwater samples to provide meaningful results. 

Groundwater is not cumnly used as a potable water sou= at combined SWMU 36, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

10.2.6.7 Risk Summary 

The risk and hazard posed by contaminants at combined SWMU 36 were assessed for the future 

site worker and the future site resident under RME assumptions. In surface soils, the incidental 

ingestion and dermal contact pathways were assessed. The groundwater pathway was based on 

ingestion of shallow groundwater represented by fnst quarter groundwater dab. Table 10.2.25 

presents the risk summary for each soil pathway/receptor group evaluated for combined 

SWMU 36. 



Table 10.2.25 
Summary o f  Risk and Hazard 
SWMU 36 and AOC 620 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

Dermal Contact 

NOTES: 
ILCR Indicates incremental lifetime cancer risk 
HI Indicates hazard index 
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Soil - Residential Scenario 

Residential soil pathway COCs identified for combined SWMU 36 include Aroclor-1254, 

Aroclor-1260, aluminum, arsenic, BEQs, and chromium. Figures 10.2-18 and 10.2-19 illustrate 

point risk and hazard indices for combined SWMU 36 surface soil under a future residential 

scenario. Table 10.2.26 summarizes the risk and hazard contribution of each COPC at each 

sample location. This point risk map is based on the unlikely assumption that a potential future 

site resident will be chronically exposed to specific points. Exposure to surface soil conditions 

is more likely the result of uniform exposure to the soil conditions of the entire site (or exposure 

unit area) rather than specific points. With this in mind, risk maps supplemented by the tables are 

useful in that they allow the reader to visualize how chemicals driving risk estimates are spatially 

distributed across the site. 

Arsenic and BEQs, both of which were identified as COCs in the formal risk assessment, are the 

predominant contributors to risk estimates above 1E-06 at all surface soil sample locations. 

Aroclor-1254 and Aroclor-1260, also identified as COCs, were secondary contributors to risk 

projections at sample locations 620SB003 and 620SB004. Risk estimates ranged from 6E-06 

(036SB002, 036SB003, and 620SB002) to 8E-05 (620SB007). Hazard indices exceed unity at 

three sample locations, 620SB004, 620SB007, and 620SB008, driven mostly by arsenic. 

Soil - Site Worker Scenario 

Site Worker soil pathway COCs identified for combined SWMU 36 include arsenic and BEQs. 

Figure 10.2-20 illustrates point risk estimates for combined SWMU 36 surface soil under a future 

industrial (site worker) scenario. Table 10.2.27 summarizes the risk and hazard contribution of 

each COPC at each sample location. Industrial risks ranged from 8E-07 (620SB002) to 1E-05 

(620SB007 and 620SB008) due to the reported concentrations of arsenic and BEQs. Hazard 

indices for the site worker scenario do not exceed unity at any sample location. 
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Table 10.2.26 
Point Estimates of Risk and Hazard - Soil Pathways 
Residential Scenario 
SWMU 36 and AOC 620 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index 

036 001 Aluminum (Al) 768 MGIKG 0.0105 
036 OOf Arsenic (As) 2.3 MGIKG 0.1051 
036 001 B(a)P Equiv. 660.99 UGIKG NA 
036 001 Chromium (Ct) 2.4 MGKG 0.0066 
036 001 Lead (Pb) 1600 MGIKG NA 

Total 0.1222 

036 002 Aluminum (Al) 1060 MGlKG 0.0145 
036 002 Arsenic (As) 1.3 MGlKG 0.0594 
036 002 B(a)P Equiv. 164.54 UWKG N A 
036 002 Chromium (Cr) 2.5 MGIKG 0.0069 . . 
036 002 Lead (Pb) 

Total 
69.6 MGlKG N A 

0.0808 

036 003 Aluminum (Al) 34.1 MGIKG 0.0005 
036 003 Arsenic (As) ND MGIKG NA 
036 003 B(a)P Equiv. 357.08 UG/KG NA 
036 003 Chromium (Gr) 1.4 MGIKG 0.0038 
036 003 Lead (Pb) 70.3 MGIKG NA 

Total 0.0043 

620 001 Aluminum (Al) 4105 MGlKG 0.0563 
620 001 Aroclor-1254 N D  UGlKG N A 
620 001 Arodor-1260 97 UGlKG NA 
620 001 Arsenic (As) 7.6 MG/KG 0.3474 
620 001 B(a)P Equiv. 59.703 UWKG N A 
620 001 Chromium (Cr) 10.65 MGlKG 0.0292 
620 001 Lead (Pb) 

Total 

620 002 Aluminum (Al) 2340 MGlKG 0.0321 
620 002 Aroctor-1254 ND UGIKG NA 
620 002 Aroclor-1260 ND UGIKG N A 
620 002 Arsenic (As) 2.3 MG/KG 0.1051 
620 002 B(e)P Equiv. ND UGIKG NA 
620 002 Chromium (Cr) 4.6 MGlKG 0.0126 
620 002 Lead (Pb) 

Total 

620 003 Aluminum (Al) 3950 MGlKG 0.0542 
620 003 Arodor-1254 ND UGIKG N A 
620 003 Aroclor-1260 240 UGIKG NA 
620 003 Arsenic (As) 13.1 MGIKG 0.5988 
620 003 B(a)P Equiv. 261.13 UGlKG NA 
620 003 Chromium (Cd 20.3 MGlKG 0.0557 . . 

620 003 Lead (Pb) 
Total 

166 MGlKG NA 
0.7086 

620 004 Aluminum (Al) 6880 MGlKG 0.0943 
620 004 Aroclor-1254 295 UGIKG 0.2433 
620 004 Aroclor-1260 430 UGIKG N A 
620 004 Arsenic (As) 15.05 MWKG 0.6879 
620 004 B(a)P Equiv. 370.93 UGlKG NA 
620 004 Chromium (Cr) 21.3 MGlKG 0.0584 . . 
620 004 Lead (Pb) 2660 MGlKG NA 

Total 1.0839 

620 005 Aluminum (Al) 8420 MGlKG 0.1 155 
620 005 Aroclar-1254 ND UGtKG NA 
620 005 Aroclor-1260 ND UGIKG N A 
620 005 Arsenic (As) 15.2 MGIKG 0.6948 
620 005 B(a)P Equiv. ND UG/KG N A 

% HI Risk (E-06) % Risk 



Chromium (Cr) 
Lead (Pb) 

Total 

Aluminum (At) 
Arsenic (As) 
B(a)P Equiv. 
Chromium (Cr) 
Lead (Pb) 

Total 

Aluminum (Al) 
Arodor-1254 
Aroclor-1260 
Arsenic (As) 
B(a)P Equiv. 
Chromium [Cr) . . 
Lead (Pb) 

Total 

Aluminum (Al) 
Arodor-1254 
Aroclor-1260 
Arsenic (As) 
B(a)P Equiv. 
Chromium (Cr) 
Lead (Pb) 

Total 

Aroclor-1260 
Arsenic (As) 
B(a)P Equiv. 
Chromium (Cr) . . 
Lead (Pb) 

Totat 

18.3 MGMG 0.0502 
78.9 MGlKG N A 

0.8604 

5200 MGIKG 0.0713 
8.8 MGIKG 0.4022 
ND UGIKG N A 

11.7 MGJKG 0.0321 
9.8 MGIKG NA 

0.5056 

5950 MGlKG 0.0816 
ND UGIKG NA 
ND UGlKG NA 

31.5 MGlKG 1.4398 
120.24 UGMG NA 

34. t MGIKG 0.0935 

21 100 MGlKG 0.2893 
ND UGIKG NA 
ND UGKG NA 

22.6 MGlKG 1.0330 
1173.04 UGIKG NA 

43.2 MGMG 0.1185 
88.9 MGlKG NA 

1.4408 

ND UGIKG NA 
2.9 MG/KG 0.1326 

20.13 UGIKG NA 
8.9 MGIKG 0.0244 

61.9 MGlKG NA 
0.1570 



Table 10.2.27 
Point Estimates of Risk and Hazard - Soil Pathways 
Industrial Scenario 
SWMU 36 and AOC 620 
NAVBASE - Charleston 
Charleston. South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 

27.63 
72.37 

036 001 Arsenic (As) 2.3 M G M G  0.0053 
036 001 B(a)P Equiv. 660.99 UGIKG NA 
036 001 Lead (Pb) 1600 MGIKG NA 

Total 0.0053 

036 002 Arsenic (As) 1.3 MGJKG 0.0030 
036 002 B(a)P Equk. t64.54 CIWG NA 
036 002 ~ e a d  ( ~ b )  

Total 

036 003 Arsenic(As) 0 MGlKG NA 
036 003 B(a)P Equiv. 357.08 UGIKG N A 
036 003 Lead (Pb) 70.3 MGNG NA 

Total NA 

620 001 Arsenic (As) 7.6 MGlKG 0.0175 
620 001 B(a)P Epuiv. 59.703 UGIKG NA 
620 001 ~ e a d  ( ~ b )  

Total 
45.1 MGlKG NA 

0.01 75 

620 002 Arsenic (As) 2.3 MWKG 0.0053 
620 002 B(a)P Equiv. 0 UWKG NA 
620 002 Lead (Pb) 47.9 MGlKG N A 

Total 0.0053 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

13.1 M W K G  0.0301 
261.13 UGtKG NA 

166 MGlKG NA 
0.0301 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

Arsenic (As) 
B(a)P Eauiv. 

15.2 MGtKG 0.0349 
0 UGIKG N A 

78.9 MGlKG NA 
0.0349 

 LA^ ( ~ d )  
Total 

Arsenic (As) 
B(a)P Equiv. 
Lead (Pb) 

Total 

8.8 MGIKG 0.0202 
0 UGIKG NA 

9.8 MGIKG NA 
0.0202 

620 007 Arsenic(As) 31.5 MGIKG 0.0724 
620 007 B(a)P Equiv. 120.24 UWKG N A 
620 007 ~ e a d  ( ~ b )  

Total 
287 MGIKG N A 

0.0724 

620 008 Arsenic (As) 22.6 MG/KG 0.0520 
620 008 B(a)P Equiv. 1173.04 UGKG NA 
620 008 Lead (Pb) 88.9 MGlKG N A 

Total 0.0520 

620 009 Arsenic(&) 2.9 MGIKG 0.0067 
620 009 B(a)P Equiv. 20.13 UGlKG NA 
620 009 Lead (Pb) 61.9 MGIKG N A 

Total 0.0067 
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Groundwater - Residential Scenario 

As shown in Figure 10.2-21 and Table 10.2.28, thallium concentrations in groundwater equate 

with a rounded hazard indices ranging from 2 to 9. Thallium was not detected in any second 

quarter groundwater sample. 

10.2.6.8 Remedial Goal Options 

Soil 

Risk-based RGOs were based on the lifetime weighted average site resident or site worker as 

presented in Table 10.2.29 for surface soils. Hazard-based RGOs were calculated based on the 

hypothetical child resident or site worker, as noted in the table. 

Groundwater 

Groundwater risk and hazard based RGOs for the site resident scenario are shown in 

Table 10.2.30. 

10.2.7 Corrective Measures Considerations 

For SWMU 36 and AOC 620, the upper and lower soil intervals and shallow groundwater were 

investigated. Two groundwater monitoring wells were installed in the shallow aquifer. Based on 

the analytical results and the human health risk assessment, COCs requiring further evaluation 

through the CMS process were identified for the upper soil interval and shallow groundwater. 

However, residential use of the site is not expected, based on current site uses and the nature of 

surrounding buildings. Cumnt reuse plans call for continued commexciaVindustria1 use. The site 

is mostly paved with asphalt of concrete. 

BEQs, Amlor-1 254, Aroclor- 1260, aluminum, arsenic, chromium, and lead were identified as 

COCs in the upper soil interval. The soil pathway cumulative residential exposure risk is IE-04 



INVESTIGATION REPORT 

0.1 to 0.5 
0.5 to 1.0 

POINT HAZARD GROUNDWATER 



Table 10.2.28 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
SWMU 36 and AOC 620 
NAVBASE - Charleston 
Chahston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 

620 001 Barium (Ba) 460 UGR 0.4201 4.78 NA 
620 001 Thallium (TI) 11 UGIL 8.7900 700.00 NA 

Total 9.2100 NA 

620 002 Barium (Be) 18.3 UGlL 0.0167 0.74 MA 
620 002 ~halrium (TI) 

Total 
2.8 UGlL 2.2374 99.26 NA 

2.2542 NA 

620 003 Barium (Ba) 32.9 UG/L 0.0300 0.72 NA 
620 003 Thallium (TI) 5.2 UGlL 4.1553 89.28 N A 

Total 4.1853 NA 

620 004 Barium (Ba) 21 UGJL 0.0192 100.00 NA 
620 004 Thallium (TI) 

Total 
ND UGlL NA 

0.01 92 
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Table 10.2.30 
Residential-Based Remedial Goal Options Groundwater 
SWMU 36 and AOC 620 
Naval Base Charleston Zone F 
Charleston, South Carolina 

NOTES : 
EPC exposure point concentration 
NA not applicable 
ND not determined 

- remedial goal options were based on the residential lifetime weighted average for carcinogens 
and the child resident for noncminogens 

Background 
MCL Concentration 

pfl m 

Inorganics 
Barium NA 0.07 0.460 
Thallium NA 8E-05 0.01 1 

Risk-- 
Remedial Goal Options 
1E-06 1E-05 1E-04 

Oral Oral 
SF RtD EPC 

g A A  m m m 

H-d-Bad 
Remedial Goal Options 
0.1 1.0 3 

0.11 1 . 1  3.3 
0.00013 0.0013 0.0038 

NA NA NA 
NA NA NA 

2 0.0943 
0.002 0.00558 
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and the cumulative HI is 2 (resident child). The cumulative residential exposure risk is at 1 

USEPAys acceptable lowest risk level of IE-04. The HI of 2 is not within USEPA's acceptable 2 

range of between 1 and 0.1. 3 

Lead was detected in all 12 surface soil samples collected at SWMU 36 and AOC 620. Soil 4 

concentrations ranged from 9.8 to 2,660 mg/kg with an average of 432 mg/kg. Only two of 5 

12 samples exceeded the residential cleanup level of 400 mglkg, 036SB001 and 620SB004. 6 

Residential risk-based remedial goals for surface soil for arsenic, BEQs, Aroclor-1254, and 7 

Aroclor-1260 were 0.38, 0.06, 0.22, and 0.22 mglkg, respectively, based on a target risk of 8 

1E-06. Hazard-based remedial goals for surface soil for aluminum and chromium are 72,927 and 9 

365 mglkg, respectively, based on a target HI of 1. Potential corrective measures, in addition to lo 

no further action for soil and respective COCs, are presented in Table 10.2.31. 11 

Table 10.2.31 
Potential Corrective Measures for SWMU 36 and AOC 620 

Medium Compounds of Concern Potential Corrective Measures 

Sail Aluminum, arsenic, chromium, a) No action 
lead, BE@, Aroclot-1254, and b) intrinsic remediation and 
&mior- 12m monitoring 

c) Containment by capping 
d) Excavation and landfill, if 

RCRA-nonhazardous waste 
e) In-situ, chemical and physical 

treatment 
f )  Ex-situ, chemical and physical 

treatment 

Shallow Groundwater Barium and thallium a) No action 
b) Intrinsic remediation and 

monitoring 
C) In-situ, chemical and physical 

treatment 
d) Ex-situ, chemical and physical 
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Two COCs, barium and thallium, were idenfied in the shallow groundwater for AOC 620. I 

Barium and thallium have a calculated HI of 9 associated with the present concentration which is z 

above USEPA's acceptable HI of 2 .  The hazard-based RGO for thallium is 1.3E-03 and barium 3 

is I .  I mgll, based on a target of HI of 1. 4 

Potential corrective measures for the shallow groundwater and respective COCs are in 5 

Table 10.2.31. Corrective measures for SWMU 36 and AOC 620 are detailed in Section 9. 6 
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10.1 SWMU 4, Pesticide Storage Building; AOC 619, Former Oil Storage Yard 

These sites were combined into one investigation due to their close proximity and their potential 

for similar COPCs. SWMU 4 (a RFI site) is a building used to store various insecticides and 

rodenticides since 1980. The building has a formulation and mixing mom, and equipment wash 

area, and sink and floor drains ~ 0 ~ e c t e . d  to the base sanitary sewer system. Pesticide storage at 

the facility was discontinued after 1985, and afterward the building was used for miscellaneous 

storage only. Mate* =leased, stored or disposed of at the facility included various pesticides. 

AOC 619 (a CSI site) is a former oil storage yard used from 1955 to 1982 to store waste oil, 

possibly in an open pit. The possibility of an open pit storage area, along with the observation 

of stressed vegetation in the area were noted as increasing the potential for contamination at this 

site. Materials released, stored, or disposed of at this site included petroleum products. 

10.1.1 Site Geology and Hydrogeology 

Figure 10.1-1 depicts the soil boring, sediment sampling, and groundwater monitoring well 

locations within the SWMU 4 and AOC 619 area. The stratigraphy at SWMU 4 and AOC 61 9, 

based on three monitoring well borings, consists of organic sandy clay overlying silty and clayey 

sand. The organic sandy clay extends to an approximate depth which varies between eight and 

12 ft bgs. The sandy clay exhibits a grain size distribution of 68 % sand, 21 % silt, and I 1 % clay. 

The silty and clayey sand, in which monitoring wells 619001 and 619002 are completed, exhibits 

a grain size distribution of 81 % sand, 4% silt and 15% clay. The total depth reached by the 

borings at this site was 13.0 ft bgs. Boring logs are contained in Appendix A. Figures 10.1-2 

and 10.1-3 are geologic cross sections across SWMU 4 and AOCs 619 and 620. 

Figure 10.1-4 depicts the shallow groundwater potentiometric surface and i n f e d  flow direction 

at low tide. Figure 10.2-5 depicts the shallow groundwater potentiometric surface and inferred 
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flow direction at high tide. Very minor differences in the static water levels and the overall flow I 

pattern at the SWMW 4 and AOC 619 area were observed between high and low tide. The mean 2 

hydraulic conductivity calculated from slug testing, was 2.05E-03 ftlday. The horizontal 3 

hydraulic gradient, based on Figure 10.1-4 is 2.5E-02 ftlft. The horizontal flow velocity was 4 

calculated at 5.1E-03 ft/day in the shallow deposits at SWMU 4 and AOC 619. 5 

10.1.2 Field Investigation Approach 

The objective of the field investigation at SWMU 4 and AOC 619 was to: (1) codinn the 

presence or absence of contamination in the site area; (2) delineate any contamination found; and 

(3) provide sufficient data to support a detailed evaluation of treatment alternatives, if required. 

Media sampled within the investigation area included soil, sediment and groundwater. Section 

3 of this report details the methods used during the field investigation. Included in this section 

are descriptions of the hollow stem auger drilling procedures used for shallow well installation; 

the hand-auger procedures used for soil sampling; sediment and groundwater sampling procedures; 

and miscellaneous procedures used during the field investigation. Also discussed are the analytical 

protocols for sample analyses. Appendix D contains the data report for samples collected in 

Zone F. 

10.1.3 Soil Sampling and Analysis 

The approved final RFI work plan proposed advancing 19 soil borings within the combined 

SWMU 4fAOC 629 area to assess the presence of any soil contamination at these two sites. 

Upper and lower interval soil samples were proposed from each boring. Nineteen soil borings 

were advanced during the field investigation. Thirteen borings included both soil sampling 

intervals, while six included the upper interval only. Where not collected, the lower interval 

sample was deleted due to either an obstruction in the borehole, or because of a shallow water 

table. 
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The approved final RFI work plan specified site soil samples be analyzed for metals, 

pesticideIPCBs, VOAs, and SVOAs. All soil samples were analyzed at DQO Level III. Soil 

samples from SWMU 4 were analyzed for metals, pesticide/PCBs, VOAs , SVOAs , OP pesticides, 

and herbicides. Soil samples from AOC 619 were analyzed for metals, pesticideIPCBs, VOAs, 

and SVOAs. An exception was 619SB003, which was located within SWMU 4. Samples from 

6 19SB003 (both intervals) were analyzed for pesticideJPCB, and OP pesticide constituents only. 

Additionally, several samples at AOC 619 were also analyzed for cyanides. Also, three upper 

interval duplicate soil samples from SWMU 4lAOC 619 were collected for Appendix IX analyses 

at DQO Level IV, Table 10.1.1 summarizes the combined SWMU 4 and AOC 619 soif samples 

and analyses. 

10.1.3.1 Nature of Contamination in Soil 11 

Organic compound analytical results for soil are summarized in Table 10.1.2, Inorganic analytical 12 

results for soil are summarized in Table 10.1.3. Table 10.1.4 summarizes all analytes detected 13 

in soil at the combined site. Appendix D contains a complete analytical data report for all Zone F 14 

sample collected. 15 

Table 10.1.1 
Zone F 

SWMU 4 and AOC 619 
Soil Snmpks md Adyses 

Boring Sample Sample Date 
Location Identifier Intenal Collected Remarks 

OWSBDOl 00QSBOOl01 U P P ~ ~  9/17/96; Note I 
004SB00~02 Lower 10mm** 

004SB002 004SBO0201, Upper 9/17/96; Notes 113* 
004CBO(nO 1 10/25/%** 
WB00202 Lower 

Qct4SBM3 wMSBmo1 UMKr 9/ 17/96; Note 1 
WB00302  Lower 101251%** 

004SB004 004SB00401 upper 9/17/96; Note l 
004SB00402 Lower lOt25/%** 

619SBDO1 61PSB00f03 Upper 81261% Note 2 
61PSiWtCQ Lpwer 



Zone F RCRA Facility Investigmanon Repon 
NA VBASE Charleston 

Section 10 - Site Specific Evaluations 

Table 10.1.1 
Zone F 

SWMU 4 and AOC 619 
Soil Samples and Analyses 

brine h p l e  Sample Date 
Location Identifier Interval Collected Analyses Remnrks 

619SB002 619SB00201 Upper 8M7/% Note 2 Lower interval not sampled 

619SB003 61%SB0(1301 Uppct lYlZJ% Pesticidtsl 
619SB0113M tawer UP pesticides only 

619SB004 619SB@3401 Upper 91091% Note Zlcyanide 
619SB00402 Lower 

61 958005 619SB00501 Upper 91(19/96 Note l f y m i d e  Lowcr internal not samptcd 
51-501* Note 3 * 

619SBCM 619SB00601 Upper 91181% Notes 2/3* Lower interval not sampled 
619CB00601' 

619SlW7 619SBo0701 U P P ~  9/12/% Norc 2 Lower interval not sampled 

619SBOOB 619SB00801 Upper 91 101% Note Zlcyanide Lower interval not sampled 

619SB009 619S3W@1 Upper 9/09/96 Note Zcyrnide 
619SBUlW2 Lower 

619SB010 619SB01001 Upper 91 171% Note 2 
619SBOlCU.2 Lower 

619SB011 619SB01101 Upper 91101% Nutc 2kyanide Lower inrerval not sampled 

619SB012 619SB01201 Upper 91171% Note 2 
619SB012M Lower 

619SBOt3 619SB01301 Upper 911 7/96 Note 2 
619SBOf 302 Lower 

619S0014 619SBO1401 Upper 10/22/% Note 2 
6198801402 Lower 

Notes: 
1 - - SW-846 (metals, pcsticidclPCBs, OP pesticides, herbicides, SVOAs, VOAs) at DQO Level 111. 
2 - - SW-846 (metals, pesticideIPCBs, SVOAs. VOAs) at DQO Level III. 
3 - - Appcadix IX suite: Appendix M (pesticide1PCBs. herbicides. SVOAs. VOAs); SW-846 (metals, dioxins. OP-pesticides); 

cyanide; hex-chrome at DQO Level IV. 
* - - Duplicate sample. 
** - - HerbicideslOP pesticides collected. 
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Volatile Organic Compounds in Soil 

No VOCs were detected above their respective RBCs in surface soil samples. Concentrations of 

benzene, methylene chloride and trichloroethene (TCE) were detected above their respective SSLs 

in subsurface soil. Figures 10.1-6 through 10.1-8 illustrate the distribution of these compounds 

in subsurface soil at the combines SWMU 4/AOC 619 site. 

Semivolatile Organic Compounds in Soil 

Benzo(a)pyrene was detected above its RBC in surface soil. Figure 10.1-9 illustrates the 

distribution of Benzo(a)pyrene as total BEQ concentrations in surface soil. No SVOCs were 

detected in subsurface soil above their SSLs. 

Pesticides and PCBs in Soil 

No pesticides or PCBs were detected in surface or subsurface soil samples at concentrations which 

exceeded RBCs or SSLs. 

Other Organic Compounds in Soil 

Dioxin (2,3,7,8-TCDD TEQ) was detected in the duplicate of three surface soil samples at 

concentrations below the RBC . 

Inorganic Elements in Soil 

Twenty-four metals and cyanide were detected in soil samples collected at SWMU 4/AOC 619. 

Iron and manganese were detected above their RBCs in surface soil. The concentration of 

manganese also exceeded its Zone F background concentration. No background was established 

for iron because it is considered to be an essential nutrient. The distribution of manganese in 

surface soil is illustrated on Figure 10.1-10. Chromium and thallium were each detected at 

concentrations exceeding both their SSL and Zone F background concentrations. Figures 10.1-1 1 

and 10.1-12 present the distribution of chromium and thallium in subsurface soil at 

SWMU 4/AOC 619. 
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10.1,4 Sediment Sampling and Analysis 

The approved final RFI work plan also proposed three sediment samples from onsite storm sewer 

drains to assess the impact of surface runoff to the stom sewer system. Only one of the three 

drains proposed for sampling (619M0001, a loading dock platform drain) yielded sediments. The 

other two proposed sampling locations (619M0002, a wash rack grate; and 004M0001, a storm 

sewer drain) contained insufficient sediment for sample collection. Therefore, only 619M0001 

was collected during the field investigation, as depicted in Figure 10.1-1. In accordance with the 

approved final RFI work plan, this sample was analyzed for metals, pesticide/PCBs, SVOAs, and 

VOAs at DQO Level III. This sample was also analyzed for cyanide. 

10.1.4.1 Nature of Contamination in Sediment 

Organic compound analytical results for sediment are summarized in Table 10.1.5. Inorganic 

analytical results for sediment are summarized in Table 10.1.6. Table 10.1.7 summarizes all 

analytes detected in sediment at the combined site. 

The following sections discuss sediment sample analytical results relative to detected soil 

parameters as an indication of soil contaminant migration via storm water flow. Given that this 

sediment was collected from engineered structures (storm catch basins, storm water culverts, etc . ) , 
it is not true sediment generated in a native setting, and therefore, is not compared to reference 

concentrations or other criteria. The storm sewer system will be addressed in the Zone L RFI. 
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Table 10.1.5 
Zone F 

SWMU 4 and AOC 619 
Organic Compound Aonlytical Results for Sediment 

Frequency Range of Mean of 
of Dcteetians Detections 

Pameters  Detection bfJlk@ (cldkg) 

Volatile OrgDnic Compounds (1 Sample) (rglkgl 

TricMDmthene 111 4.00 4.00 

Semivolatiie Organic Compounds (1 Sample) (Icglkg) 

BEQS' Il l  81 .Q 81.0 

Chrysene 111 LOO 100 

Phenanthrene 111 87.0 87.0 

Pyrene 111 140 140 

Pesticidts (1 Sample) hdkgl 

4,4'-ITDE 11 1 6.70 6.70 

4,4'-DDT 

Endrin aldehyde 

Notes: 
1 - - Calculated from methods described in USEPA Interim Supplemental Guidance to RAGS: H u m  Health Risk Assessment, 

Bulletin 2 (USEPA. 1995b) 
= Micrograms per kdograms 
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Table 10.1.6 
ZancF 

SWMU 4 and AOC 619 
Inorganics Analytical Results for Sediment 

Frequency m e  of Menn of 
of Detections Detections 

Parnmeters Detection s (W!/Lg) @wid  

Inorganics (1 Sample) ( 4 k e )  

Alumiraurn 111 mo 2070 

Arsenic 111 3.40 3.40 

Cadmium 111 0.310 0.310 

Chromium 111 12.0 12.0 

cyanide 111 0.310 0,310 

Magnesium 111 1440 1440 

Nickel 

fornssium 

Vanadium 111 6.40 6.40 

Zinc 111 563 563 

Notes: 
mglkg = Milligrams per kilograms 
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Table 10.1.7 
Zone F 

Adytes  Detected in SWMU 4 and AOC 619 Sediment S~mplcs 

Paramtters Locntion Concentration 

Volatile Organic Compounds (/lg/Lg) 

TricMoraethenc 4.0 

Semivolatile Organic Compounds (ccdlrd 

3enrafa)mthracem 619MNU1 86.0 

Benzo(a)py rene 619M0001 67.0 

Benza(b)flt~rardhcne 619MIXX)I 46.0 

Fluoranthene 619M0001 180.0 

PhenaMum 619M0001 87.0 

- --  -- -. 

Inorganics (mglLgl 

Aluminum (Al) 619M0001 2M0.00 

Arsenic (As) 619M0001 3.40 

Barium [Ba) 

Cadrmum (Cd) 

C&ium (Ca) 

Chromium (Cr) 

Cyanide (CNf 

Iron (Fel 
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Table 10.1.7 
Zone F 

W y t e s  Detected in SWMU 4 and AOC 619 Sediment Samples 

Parameters Location Concentrntion 

kiid(%l 619~0001 24. LO 

Magnesium (Mg) 619MODOl 1440.00 

Nickel (Ni) 619M0001 6.00 

Vanadium (V) 619M0001 6.40 

Notes: 
N A - - Not available 
ND - - Not detected 
NT - - Not taken 
mg\kg = Milligrams per kilogram 

Volatile Organic Compounds in Sediment 

TCE was the only VOC detected in the sediment. It was also detected in onsite surface and 

subsurface soil samples. 

Semivolatile Organic Compounds in Sediment 

Ten semivolatile compounds were detected in the sediment samples. Concentrations of all ten 

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, 

benzo(k)fluoranthene, bis(2-ethylhexyl)phthaiate, chrysene, fluoranthene, phenanthrene and 

pyrene, were detected in both onsite soil and sediment. 

Pesticides and PCBs in Sediment 9 

Four pesticides were detected in the sediment sample. Concentrations of 4,4'-DDE, 4,4'-DDT, 10 

and alpha-chlordane were present in sediment and soil samples. No PCBs were detected in the 1 1  

sediment sample. 12 
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Inorganic Elements in Sediment 

Fourteen metals and cyanide were detected in the sediment sample. The analytes detected in the 

sediment were also present in site soil samples. 

10.1.5 Groundwater Sampling and Analysis 

The approved final RFI work plan proposed the installation and sampling of two shallow 

monitoring wells within the SWMU 4 and AOC 619 area to: (1) assess groundwater quality, and 

(2) identify contaminants which may be migrating from the site in the shallow aquifer. Three 

shallow monitoring wells were installed and sampled during the field investigation, as shown in 

Figure 10.1-2. These wells were installed at approximately 12 ft bgs in the upper sand layer of 

the Wando Formation. Per the approved final RFI work plan, groundwater samples were analyed 

for metals, pesticidetPCBs, VOAs, and SVOAs at DQO Level 111. They were also analyzed for 

OP-pesticides. Table 10.1.8 summarizes the groundwater samples and analyses at these sites. 

Table 10.1.8 
SWMU 4 and AOC 619 

Groundwater Samples and Analyses 

Well Number Well Depth Sample Identifier Date Sampled Analyses Remarks 

6151001 Shallow 51900101 11/10/% See note 

619002 Shallow 61900201 11/10196 See note 

qhallnw 61 OnrrqOl 1 1 M9/OF; 

Note: 
SW-846 (metals, pesticide/PCBs, OP-pesticides, SVOAs, and VOAs) at DQO Level 111. 

10.1.5.1 Nature of Contamination in Groundwater 1 

Organic analytical results for groundwater are summarized in Table 10.1.9. Inorganic analytical 2 

results for groundwater are summarized in Table 10.1.10. Table 10.1.11 presents a summary of 3 

all anaiytes detected at SWMU 4 and AOC 619. 4 
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Volatile Organic Compounds in Groundwater 

Chloromethene was detected in shallow groundwater above its RBC. Figure 10.1-13 illustrates 

the distribution at the site. 

Semivolatile Organic Compounds in Groundwater 

Eight SVOCs were detected in shallow groundwater. No concentrations exceeded the tap water 

RBCs. 

Pesticides and PCBs in Groundwater 

No pesticides or PCBs were detected in shallow groundwater at SWMU 4lAOC 619, 

Inorganic Elements in Groundwater 

Nineteen metals ere detected in groundwater samples. Thallium was the only metal detected at 

concentrations exceeding both its RBC and background concentration. Arsenic and manganese 

were detected above their respective RBCs but below their background concentrations. Iron also 

exceeded its RBC, no background was determined for the essential nutrient iron. Figure 10.1-14 

presents the distribution of thallium in shallow groundwater. 

10.1.6 Fate and Transport Assessment for SWMU 4 and AOC 619 

Environmental media sampled as part of the combined SWMU 4 and AOC 619 site include surface 

soil, subsurface soil, shallow groundwater, and storm sewer sediment. Potential constituent 

migration pathways investigated include soil-to-groundwater, groundwater-to-surface water, 

surface soil-to-sediment, and emission of volatiles from surface soil-to-air. 

10.1.6.2 Soil-to-Groundwater Cross-Media Transport 

Table 10.1.12 compares maximum detected organic constituent concentrations in surface soil and 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 
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For inorganics, maximum concentrations in soil are compared to the greater of (a) risk-based soiI 

screening levels, or (b) background concentrations. To provide a conservative screen, generic soil 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, 

with no attenuation of constituents in soil (DAF=20). 

One organic compound - pentachlorophenol (PCP) - was detected in surface soil exceeding its 

SSL. Three additional organic compounds - benzene, methylene chloride, and TCE - were 

detected in subsurface soil at concentrations exceeding their SSL. Importantly, PCP was not 

detected in subsurface soil or shallow groundwater samples. Methylene chloride, TCE, and 

benzene were not detected in any of the three groundwater samples. Benzene and TCE screens 

were exceeded in the same sample, 619SB001, the methylene chloride screen was exceeded in only 

one location 619SB004) and PCP was exceeded in only one location 619SB005. Ten volatile 

organic species were detected in site soil, and without exception they all exhibited an enrichment 

with depth. In addition to the organic compounds present above their screening levels, a number 

of other semivolatile compounds, pesticides and PCBs, and dioxin were detected in site soil 

samples. Generally these detected species exhibited marked depletion with depth. The nature of 

contamination detected is consistent with past site activities. The vertical distribution of volatiles 

is counter-intuitive enigmatic, and suggests their occurrence is a relict of a past release(s) in which 

volatilization has purged surface soil horizons of these constituents; their absence in groundwater 

indicates that volatilization from this media as a source for soil contamination is not probable. The 

lateral distribution of volatile and exceedances is indicative of very little residual mass remaining 

that poses a potential threat to groundwater, and the lack of soil-detected species in groundwater 

verifies this. The vertical distribution of the other detected organic species is consistent with their 

characteristically high affinities for attenuation through soil media adsorption, and their absence 

to low concentrations in groundwater proves that they pose no threat to groundwater. 



Tablc 10.1.12 
c h c m i d  De& in Surface SoiI, Subourface Sail, and Shallow G r o u a d a  
C e  to SSh,  Tap Water RBQ Salt Water Surface Water Chronic S d g  Lcvch, and Background Concentrations 
NAVBASE Charleston, h e  F: SWMU 4 nnd AOC 619 
Charleston, South b l i r u  

30 0.36 

600 0.15 

570000 2200 
293000 1500 

120000DO 11000 
400000 150000 

4.66EM8 1500 

2000 0.092 
8000 0.0092 
5000 0.092 

14000 0.092 

2300000 3700 

4300000 1500 
560000 1500 
126000 1500 

1380000 1500 
4200000 1100 

Dioxin Coqamdn 

12600 25200 1000000 37000 
0.67 0.58 
17.8 28.1 29 16.7 

1600 2600 



Table 10.1.12 
Chcmiolrlr Detcded in Surface Soil, submnfylt Soil, rmd Shllow Grolmmnlcr 
C a q a h n  to S S k  Tap Water R B Q  Salt Water Surf- Water Chrmio S c h g  L-4 d B.fkprmd Con~mtationa 
NAVBASE C h u l e h ~  Zone F: SWMU 4 d AOC 619 
Charlepton, Swth carolinn 

Scmning Conccntntionr: 
Soil to GW - Generic S S h  bued on DAF = 20, h 1996 Soil Smming Guidance or caiculatcd uing valuca fmm TabAe 6.4 
Tap Wata R8C - From EPA Region IIX Rirlr-Bad Cmomtdon  Table, June 3,1996 
Saltwater Surface Water Chronic -From EPA Supplcmcntal Guidance to RAGS: Region 4 BuUctinr, Ecological Risk Auggnmf November 1995; Table 2 

For inorganiu, the value lhown is the greater of the rclcvant rcrecning value or the c o w i n g  background refctcnce value 

NA -Not availablc/Not applicable 
ND - Nd dctccted 
DAF - Dilution and attenustion factor 
RBC - Risk baaed conccntntion 

SSL - Soil acrming level 
MGKG -Milligram pcr kilogram 
NGKG - Nanognmt per k i l o p ~ ~ ~  
POL - Pimgrama per liter 
UGKG - Microgramu pcr kilogram 
UG/L - Micropma per liter 
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Two inorganics - chromium and thallium - were present in subsurface soil at concentrations 

exceeding their SSLs. These species wee also present in surface soil, at lesser concentrations. 

Chromium was exceeded at four locations (004SB003, 6 19SB004, 6 19SB009, 6 19SB0 lo), while 

thaIlium was exceeded at only one (619SB009). Several other inorganic species exhibited 

increased concentrations with depth. The chromium and thallium detections may be associated 

with past site activities. Additionally, their vertical distribution is inconsistent with surface 

releases as a provenance. However, given that indigenous and "fil1"subsurface soil is very 

heterogenous, consideration should be given that these may represent ambient concentrations and 

may not be related to site activities. Chromium concentrations do not appear to pose a risk to 

groundwater through leaching, as no chromium exceedances in groundwater were present. 

Thallium, however, is present above screening levels in groundwater, but only slightly. Overall, 

the data provide that the soil to groundwater pathway is not expected to result in significant risk 

to human health or the environment. 

10.1.6.3 Groundwater-to-Surface Water Cross-Media Transport 

Table 10.1.12 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 

greater of (a) risk-based drinking water concentrations, or @) background concentrations for 

groundwater, as well as to the saltwater/surface water chronic values, To provide a conservative 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison to 

the relevant standards. 

Only one organic compound - chloromethane - was detected in groundwater at concentrations 23 

only slightly above its tap water RBC, and it did not exceed the salt water screening criteria. This 24 

exceedance was only present at one location (619SB003), which is downgradient of the genera1 25 
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site area. This constituent is conceivably remotely associated with past site activities. However, 

this constituent was not detected in the colocated site soil samples, so a clear link between soil and 

groundwater is absent, effectively eliminating this site as a source for this exceedance. Only one 

inorganic - thallium - was detected in groundwater very slightly above its RBC; and it did not 

exceed the saltwater screening criteria. As previously discussed, the source of thallium is unclear, 

and cannot be linked directly to this site. Overall, the clear lack of source attribution, the general 

low concentrations of exceedances, and the limited lateral presistence of exceeding constituents 

provide that the groundwater migration pathway is insignificant at this site. In addition, and most 

importantly, the risk-based pathway from this site is invalid due to non-use of the resource. As for 

migration to surface water, no constituents were detected at deleterious concentrations; an 

additional factor is that the migration pathway to the nearest surface water (Cooper River, 

1100 feet northeast of this site) is invalid through the inconsistency between local flow directions 

and the location of the River. 

10.1.6.4 Soil-to-Sediment Cross Media Transport 

One sediment sample was collected from a stormwater catch basin that drains the dock area of 

Building 1824. Table 10.1.7 summarizes the analytes detected in the sediment sample. The only 

VOC found in common between the surface soil and sediment was TCE. Ten SVOCs and three 

pesticides were also detected in the surface soil and sediment sample. For inorganics, many of 

the constituents detected in soil samples were also detected in sediment samples at the site. Of 

25 species present in surface soil, 15 were also detected in sediment. This relationship establishes 

a link between surface soil and sediment, and implies either that surface soil is a source of these 

constituents in sediment, or at least contributes to the sediment load present in the stormwater 

drainage system. 



Zone F RCRA Faciliry Investigafion Repon 
NA ?BASE Charleston 

Section 10 -Site Specific Evaluations 
Revision: 0 

10.1.6.5 Soil-to-Air Cross-Media Transport 

Table 10.1.13 lists the VOCs detected in surface soil samples collected at this site along with 

corresponding soil-to-air volatilization screening levels. Little or no surface soil is exposed at 

SWMU 4/AOC 619. In addition, none of the VOCs was reported at a maximum concentration 

exceeding its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air 

migration pathway is not valid at SWMU 4 and AOC 619. 

10.1.6.6 Fate and Transport Summary 

Three volatiies and one semivolatile were present in site soil at concentrations above their SSLs. 

Additionally, a number of other organics (volatiles, semivolatiles, pesticide/PCBs, and dioxin) 

were present in site soil. The vertical distribution of volatiles suggest association with old 

release(s) in which purging of surface soil has occurred, while the vertical distribution of other 

organics is consistent with their adsorption and demobilization in surface soil horizons. Only two 

inorganics, chromium and thallium, were present in site subsurface soil at levels exceeding SSLs, 

they both were present at lesser concentrations in surface soil, The vertical distribution of these 

is inconsistent with the site as a provenence, and may be related to ambient subsurface 

concentrations. One volatile (chloromethane) and one inorganic (thallium) were present in 

groundwater above RBCs, and both were below their saltwater screening criteria, Neither of these 

exceedances can be linked empirically to the site as a provenance, and neither is laterally 

persistent. The risk-based groundwater migration pathway is invalid due to non-use of the 

resource, and the surface water migration pathway is invalid due to an absence of screening 

exceedances and inconsistency between groundwater flow directions and the location of the Cooper 

River. The soil-to-air pathway is invalid at this site due to an absence of screening exceedances. 



Table 10.1.13 
Soil to Air Volatilization Screening Analysis 
NAVBASE Charleston, Zone F: SWMU 4 and AOC 6 19 
Charleston, South Carolina 

.2-Butanone (MEK) 
Carbon disulfide 
Methylene chloride 
Trichloroethene 

7 10000 UGKG No 
7 720000 UGKG NO 
6 13 000 UGIKG NO 

1 2 5000 UGKG NO 

- Soil screening levels for transfers from soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers from Soil to Air, USEPA 
Region ZII Risk-Based Concentration Table, June 1996. Value for 2-Butanone 
was estimated. 

NA - Not available 
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10.1.7 Human Health Risk Assessment for SWMW 4 and AOC 619 

10.1.7.1 Site Background and Investigative Approach 

SWMU 4 is pesticide storage area located in Building 3810 and AOC 619 is a former oil storage 

yard in the vicinity of Buildings 3 16,381, 1824, and 1836. Data generated for these two sites have 

been combined for the purposes of this HHRA. The following refers to these sites as combined 

SWMU 4. 

During the RFI, 19 upper and 13 lower interval soil samples were collected to assess potential 

impacts resulting from the activities listed above. Surface and subsurface soil samples analyses 

are shown on Table 10.1.1. Surface soil data were used to quantitatively assess direct contact 

pathways. Fate and Transport, Section 10.1.6 quantitatively addresses surface and subsurface soil 

with respect to indirect exposure pathways. Three monitoring wells were installed in the shallow 

aquifer, and sampled for VOAs, SVOAs, pesticides, and metals. Data from the first quarter 

sampling event were used to quantitatively assess groundwater exposure pathways. 

Sections 10.1.3 and 10.1.5 provide summaries of the sampling effort for combined SWMU 4 soil 

and groundwater. 

10.1.7.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.1.14, the focus of this HHRA is on the following COPCs: BEQs and manganese. 

Aluminum, arsenic, and beryllium were detected at maximum concentrations exceeding their 

RBCs, however, these constituents were eliminated from consideration in the risk assessment 

based on comparison to their background concentrations. Wilcoxon rank sum test analyses did 

not result in the inclusion of any parameter that had been screened out on the basis of background 

concentration. 
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Groundwater 

As shown in Table 10.1.15, chloromethane and thallium were identified as COPCs in shallow 

groundwater for combined SWMU 4. Arsenic and manganese were detected at maximum 

concentrations which exceeded their RBCs and were eliminated from consideration in the risk 

assessment based on comparison to their background values. An inadequate number of 

groundwater background samples were collected in order to run Wilcoxon rank sum test analyses; 

therefore these analyses were not performed for Zone F. 

10.1.7.3 Exposure Assessment 

Exposure Setting 

Combined SWMU 4 is located in an industrialized setting, approximately 1150 feet southwest of 

the water front along the Cooper River. The site is mostly surrounded by buildings, roads, 

railroad right-of-ways, and paved parking areas. In general, direct contact with soil, and 

migration of potential contaminants to groundwater or air is currently limited by these surface 

coverings. A11 potable water is provided through the city's water supply. Groundwater is not 

currently nor anticipated to be used in the future as potable or process water. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed quantitatively in this risk assessment. Current exposure to 

workers is discussed qualitatively in relation to the future workers and future residents. The 

hypothetical future site worker scenario assumes continuous exposure to surface soil conditions. 

Current site workers' exposure would be less than that assumed for the hypothetical future site 

worker scenario because of their limited soil contact (the entire area is paved). Therefore, future 

worker assessment is considered to be conservatively representative of current site users. The 



Table 10.1.15 
Chemicals Present in Site Samples 
SWMU 4 and AOC 619 -Groundwater 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Frequency Range Average Range Screening Concentration Number 
of of Detected of Exceeding 

Parameter Detection Detection Conc. SQL RBC Reference Units RBC Ref. 

3 3 105 523 287 NA NA 3700 224 UGlL 2 
2 3 3 6.5 4.75 2.5 2.5 0.045 16.7 UGlL 2 
3 3 18.2 92.2 45.0 NA NA 260 94.3 UGIL 

N 3 3 9450 205000 93550 NA NA N A NA UGlL 

Chloromethane 

' - Identified as a COPC 
N - Essential nutrient 
SQL - Sample quantiition limit 
UGIL - microgram per Liter 
NA - Not applicable 
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future site resident scenario was built on the premise that existing buildings would be removed and 

replaced with dwellings. 

Exposure Pathways 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 

ingestion of surface soils. The exposure pathways for current and future site workers are the 

same as those for the future site worker with respect to soil. Uniform exposure was assumed for 

a11 sample locations. The groundwater pathway for the hypothetical future site residents is 

incidental ingestion of groundwater and inhalation of VOCs resulting from domestic use. 

Table 10.1.16 presents the justification for exposure pathways assessed in this HHRA. 

Table 10.1.16 
Expasure Pathways Summary - Combined SWMU 4 

NAVBASE - Zone F 
Charleston, South Caroiina 

Potentially Exposed Medium and Exposure Pathway Selected 
Paplllatipn P m  for -9 

Current Site Air, hhalation of gaseous No Fate and transport screening did not identify 
UsersIMaintenance contaminants emanating any COPCs for this indirect exposure 

from soil pathway. 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

No Little surface soil is exposed at combined 
SWMU 4. inhibiting fugitive dust 
generation. Therefore, this exposure 
pathway was considered insignificant 
compared to the other pathways. 

No Shallow groundwater is mt currently used 
as a source of potable or nonresidential 
water at combined SWMU 4. 

Shallow groundwater. No Shallow groundwater is not currently used 
Inhalation of volatilized as a source of potable or nonresidential 
shallow groundwater water at combined SWMU 4. 
contaminants 

Soil. Incidcntaf ingestion No {Qualified) Future land use assessment is considered to 
be consemtively repmtadve of current 
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Table 10.1.16 
Exposure Pathways Summary - Combined SWMU 4 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
P W  P- r-? 

Soil, Dermal contact No (Qualified) Future land use assessment is considered to 
be conservatively representative of current 
receptors. 

Future Site Air, Inhalation of gaseous No Fate and transport screening did not identify 
Residents (Child contaminants emanating any COPCs for this indirect exposure 
and Adult] and from soil pathway. 
Future Site Worker 

Air, Inhalation of No Little surface soil is exposed at combined 
chemicals entrained in SWh4l.I 4, hbibiling fugitive dust 
fugitive dust peratinn. Therefore, this exposure 

parhway was cansidered insignii it  
compared to the other parbways. 

Shallow groundwater. 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater, 
Enhalation of volatilized 
contaminants during 
domestic usc 

Yes Groundwater is not likely to be used as a 
source of potable water at combined SWMU 
4; however, this pathway was included as a 
conservative measure. 

Yes Groundwater is not likely to be usxi as a 
source d domestic or process water at 
combid  SWMU 4; however, this pathway 
was included as a conservative measure. 

Soil, hcidental ingestion Yes COPCs were identified subsequent to risk- 
based and background screening 
comwrisons. 

Soil, Dermal contact Yes COPCs were identified whequent to risk- 
based and background screening 
cornparisam. 

Wild game or domestic No Huntingltaking of game and/or raising 
animals. Ingestion of tissue livestock is prohibited within the 
impacted by media Charleston, South Carolina city limits. 
contamination 

Fruits aod vegetables, No The potential for significant exposure via 
Ingestion of plant tissues this pathway is tow refafive to that of other 
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Exposure Point Concentrations 

For soil, exposure point concentrations were set equal to the 95% UCL as presented on 

Table 10.1.17 arid discussed in Section 7 of this RFI. Since neither groundwater COPC could be 

associated with a specific plume, exposure point concentrations were set equal to their maximum 

detected concentrations. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.1.18 and 10.1.19, 

respectively. 

Groundwafer 

The CDIs for groundwater ingestion are presented in Table 10.1.20. 

10.1.7.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.1.2 1 

presents toxicological information specific to each COPC identified at combined SWMU 4. This 

information was used in the quantification of riswhazard associated with soil and groundwater 

contaminants. Brief toxicological profiles for each COPC are provided in the following 

paragraphs. 

Manganese is an essential nutrient, but chronic exposure (0.8 mgtkg-day) causes 

mental disturbances. Studies have shown that manganese uptake from water is greater than 

manganese uptake from food, and the elderly appear to be more sensitive than children 

(Klaassen et al., 1986; Dreisbach et a]., 1987). USEPA determined the RfD to be 0.14 mglkgday 

based on dietary uptake. USEPA recommended using a modifying factor of 3 when estimating 
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Table 10.1.20 
Chronic Daily Intakes 
Ingestion of COPCs in Groundwater 
SWMU 4 and AOC 619 
Naval Base Charleston Zone F 
Charleston, South Cuolina 

NOTES: 
Iwa lifetimc weightcd average 

CDI Chronic D d y  Intake 
H-CDI Nonurcinogeaic hLlrd based Chronic D d y  Intake 
CCDI  Corcimgeoic risk based Chronic Daily Intake 

FuW Fuhlre 
Worka adult Worker adult 

H-CDI C-CDI 
(mgkgday) (mgkgday) 

Exposum 
Point 

Cwatntion 
Chemical CmgAiter) 

I n o r g d u  
Thallium 0.0066 

FUhlre Future Future 
Resident adult Resident child Resident lwa 

H-CDI H-CDI CCDI 
(mgkgday) (rngkg.day) (mgJk~-day} 

1.81E04 4.UE-04 9.95E05 6.46E-05 3.1BE-05 
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intake from soil and water. In addition, the body is roughly twice as efficient absorbing 

manganese in water compared to manganese in food. Because of the different uptake rates in 

water and food, two RfDs are provided for manganese - one for water and one for foodlsoil. The 

RfDs used are 0.047 food and 0.023 water mglkgday . The RfD for foodlsoil (0.047) is used on 

Table 10.1.21. Inhalation of manganese dust causes neurological effects and increased incidence 

of pneumonia. An inhalation RfD was set to 0.0000143 mg/kgday. According to USEPA, 

manganese cannot be classified as to its carcinogenicity. Therefore, the cancer class for 

manganese is group D. As listed in IRIS, the classification is based on studies that are inadequate 

to assess the carcinogenicity of manganese. Manganese is an element considered essential to 

human health. The typical vitamin supplement dose of manganese is 2.5 mglday. As listed in 

IRIS, the critical effects of this chemical in water in the oral summary are CNS effects. The 

uncertainty factor was 1 and the recommended modifying factor of 3 was used to estimate soil and 

groundwater intake. The critical effects of this chemical are CNS effects. As listed in IRIS, the 

critical effect of this chemical in the inhalation summary is impairment of neuro-behavioral 

function. For inhalation uptake, the uncertainty factor was 1,000 and the modiQing factor was 

1. The IRIS RfC is 0.00005 mgld .  

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 

USEPA's RfDo for thalIium (as thallium carbonate) is 0.00008 mglkg-day (Klaassen, et al, 1986) 

(Dreisbach, et al, 1987). 

BEQs include the following list of PAHs: 

TEF 0.1 
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Benzo(b)fluoranthene 

Dibenz(a, h)anthracene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Chrysene 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PANS are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as I32 carcinogens, and their carcinogenicity 

is addressed relative to that of benzo(a)pyrene, having an oral SF 7.3 (mg/kgdayjl. Toxicity 

Equivalency Factors, also set by USEPA, are multipliers that are applied to the detected 

concentrations, which are subsequently used to calculate excess cancer risk. These multipliers are 

discussed further in the exposure and toxicity assessment sections. Most carcinogenic PAHs have 

been classified as such due to animal studies using large doses of purified PAHs. There is some 

doubt as to the validity of these listings, and the SFs listed in USEPA's RBC table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic 

substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the basis for the 

benzo(a)pyrene B2 classification is human data specifically linking benzo(a)pyrene to a 

carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating benzo(a)pyrene to be carcinogenic by numerous routes. 

Benzo(a)pyrene has produced positive results in numerous genotoxicity assays. At the June 1992 

CRAVE Work Group meeting, a revised risk estimate for benzo(a)pyrene was verified (see 

Additional Comments for Oral Exposure). This section provides information on three aspects of 

the carcinogenic risk assessment for the agent in question: the USEPA classification and 

quantitative estimates of exposure. The classification reflects a weight-of-evidence judgment of 
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the likelihood that the agent is a human carcinogen. The quantitative risk estimates are presented 

in application of a low-dose extrapolation procedure and presented as the risk per (mglkgday). 

The unit risk is the quantitative estimate in terms of either risk per pg/L drinking water or risk per 

pg/m3 air breathed. The third form in which risk is presented is drinking water or air 

concentration providing cancer risks of I in 10,000 or 1 in 1,000,000. The Carcinogenicity 

Background Document provides details on the carcinogenicity values found in IRIS. Users are 

referred to the Oral Reference Dose and Reference Concentration sections for information on long- 

term toxic effects other than carcinogenicity. 

As listed in IRIS, the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 

classification is no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene 

produced tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the basis for the benzo(a)anthracene B2 classification is no human 

data and sufficient data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcutaneous or intramuscular injection; and topical 

application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS the basis for the benzo(k)fluoranthene 

B2 classification is no human data and sufficient data from animal bioassays. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered with 

a promoting agent in skin-painting studies. Equivocal results have been found in a lung adenoma 

assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria. (Klaassen, et a!. , 1986). 

Chlurumethane is a clear, colorless gas that has a faintly sweet, nonirritating odor at high levels 

in the air. A naturally occurring chemical, it is made in large mounts in the oceans and is 

produced by some plants and rotting wood and when such materials as grass, wood, charcoal, and 

coal burn. Chloromethane is also produced industrially, but most of it is destroyed during use. 
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It is used mainly in the production of other chemicals such as silicones (72%), agricultural 

chemicals (8 %) , quaternary mines, and butyl rubber. 

Case reports of humans exposed acutely to high concentrations of chloromethane have described 

severe neurological effects, sometimes followed by death. Effects on the cardiovascular system, 

liver, and kidney have also been described in the case reports of humans exposed for brief periods 

or for more prolonged periods occupationa~ly (Gummart, 1961 ; McNally , 1946; Spevak et al., 

1976). Numerous acute inhalation studies have identified the liver and kidney as target organs in 

rats and mice, the spleen in mice and dogs, and the testes and epididyrnides as target organs in 

rats. These studies have shown that species differences in susceptibility exist and that generally 

animals are more susceptible to relatively low exposures given continuously than to relatively high 

exposures given intermittently (ATSDR, 1990). USEPA has ranked chloromethane as a group C 

carcinogen (USEPA, 1993). Chloromethane has an oral SF as well as an inhalation SF that are 

1.3E-02 and 6.3E-03, respectively (USEPA, 1996f) 

10.1.7.5 Risk Characterization 

Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposure. Tables 10.1.22 and 10.1.23 present the 

computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 
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Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for combined 

SWMU 4 surface soils is 2E-6. The dermal pathway ILCR is 1E-6. BEQs were the sole 

contributors to risk projections for the ingestion and dermal pathways. 

The computed hazard indices for the adult resident was 0.006 for the soil ingestion pathway and 

0.001 for the dermal contact pathway. The computed hazard indices for the child ingestion and 

dermal contact pathways were 0.05 and 0.004, respectively. 

Hypothetical Site Workers 

Site worker LCRs are 3E-7 and 4E-7 for the ingestion and d e m I  contact pathways, respectively. 

Hazard indices for the ingestion and dermal pathways were projected to be 0.002 and 0.0008, 

respectively, for the hypothetical site worker scenario. 

Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under residential and industrial scenarios 

based on the results of the first quarter sampling event. Exposure pathways were evaluated 

assuming the site groundwater will be used for potable and/or domestic purposes and that an 

unfiltered well, drawing from the corresponding water bearing zone, will be installed. For 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 

separately for child and adult receptors. Table 10.1.24 presents the risk and hazard for the 

fngestion pathway, and Table 10.1.25 presents the risk and hazard for the inhalation pathway. 

Hypothetical Site Residents 

The ingestion and inhalation lifetime-weighed average ILCRs are 2E-6 and 8E-7, respectively, for 

the residential scenario. Chloromethane is the sole contributor the risk projections for the 

groundwater pathways. Ingestion HIS are 2 and 5 for the adult and child residents, respectively. 
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Thallium is the sole contributor to groundwater hazard index projections for the groundwater 

ingestion pathway. Hazard index was not determined for the inhalation pathway, due to the 

absence of appropriate toxicological data. 

Hypothetical Site Workers 

The ingestion and inhalation ILCRs for the site worker scenario are 5E-7 and 2E-7, respectively. 

The hazard index projection for the ingestion pathway is 0.8. 

Current Site Workers 

Groundwater is not currently used as a potable water source for combined SWMU 4 or other areas 

of Zone F, In the absence of a completed exposure pathway, no threat to human health is posed 

by reported shallow groundwater contamination. 

COCs Identified 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 

for this site on a medium-specific basis. USEPA has established a generally acceptable risk range 

of 1E-06 to 1E-06, and a hazard index threshold of 1 .O (unity). As recommended by SCDHEC, 

a COC was considered to be any chemical contributing to a cumulative risk level of 1E-06 or 

greater and/or a cumulative hazard index above 1.0, and whose individual ILCR exceeds 1E-06 

or whose hazard quotient exceeds 0.1. For carcinogens, this approach is relatively conservative, 

because a cumulative risk level of 1E-04 (and individual ILCR of 1E-06) is recommended by 

USEPA Region IV as the trigger for establishing COCs. The COC selection method presented 

was used in order to provide a more comprehensive evaluation of chemicals contributing to 

carcinogenic risk or noncarcinogenic hazard during the remedial goal options development 

process. Table 10.1.26 presents the COCs identified for combined SWMU 4 surface soil and 

shallow groundwater. 
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Sur$ace Soils 

Future Site Residents 

BEQs were identified as the soil pathway COCs based on their contribution to cumulative ILCR 

projections. 

Future Site Workers 

No COCs were identified for the soil pathways under the site worker scenario. 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 

reported concentration for each COC identified above. BEQs were detected above the residential 

RBC in nine of 18 surface soil samples collected for combined SWMU 4. Elevated BEQs were 

identified in surface soil samples which were located either underneath asphalt pavement or 

adjacent to railroad right-of-ways. 

First Quarter Groundwater 

Thallium was detected in the two of the three shallow groundwater samples collected at combined 

SWMU 4 at a concentration exceeding its RBC. Chloromethane was detected in only one of three 

groundwater samples. 

10.1.7.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region N when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 
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Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial/industrial use of this 

area of Zone F, If this area were to be used as a residential site, the buildings and other structures 

would be demolished, and the surface soil conditions would likely change - the soils could be 

covered with landscaping soil andlor a house. Consequently, exposure to surface soil conditions 

as represented by samples collected during the RFI would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 

generally overestimate the risk and hazard posed to current site workers and future site residents. 

Groundwater is not currently used at combined SWMU 4 for potable or industrial purposes. A 

base-wide system provides drinking and process water to buildings throughout Zone F. This 

system is slated to remain in operation under the current base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 

scenario established to project risWhazard associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed in the future. 

Determination of Exposure Point Concentrahahons 

For soil, 95 % UCLs were used as EPCs to estimate exposure for combined SWMU 4. It is 

unlikely that 95 % UCLs are exceeded by true average site concentrations for COPCs identified 

at this site. Maximum detected concentrations were used as EPCs to estimate exposure to 

groundwater for combined SWMU 4. Since no obvious plumes or sources were identified, it is 

difficult to conclude how representative maximum concentrations are in relation to the true average 

concentrations. As a result, risk could be over- or underestimated for the groundwater pathways 

with use of maximum concentrations as EPCs. 
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Frequency of Detection and Sp& Distribution 

BEQs compounds were detected above risk-based concentrations in nine of 18 surface soil samples 

and were generally evenly distributed across the site. Background levels of BEQs at NAVBASE 

have also exceeded risk-based concentrations. Many of the soil sample locations were situated 

underneath asphalt or near railroad right-of-ways, which may explain the presence of this group 

of constituents. No areas of elevated BEQs concentration were identified and their concentrations 

were evenly distributed across the site. 

Thallium was detected in two of three groundwater samples in the fust quarter and in only one of 

three second quarter groundwater samples at concentrations above its RBC. The concentration 

decreased to below the RBC in the third quarter sampling event. All of the thallium detections 

were reported in groundwater samples collected from monitoring wells established in the southern 

end of the site. Elevated concentrations of thallium were also reported in background monitoring 

wells at concentrations ranging from 4.8 to 6.6 ug/L. First quarter thallium concentrations ranged 

from 3.4 to 6.6 ug/L for combined SWMU 4. These finding suggest the occurrence of thallium 

in the surficial aquifer is common to Zone F. 

Quantification of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

A conservative screening process was used to identify COPCs for combined SWMU 4. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 



Zone F RCRA Faciliry Investigation Repon 
NA VBASE Charleston 

Section f 0 -Sire Specific Evaluations 

For carcinogens, the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 

of a significant contribution to risWhazard based on eliminated CPSSs. Of the CPSSs screened 

and eliminated from formal assessment, only thallium was reported at a concentration near its 

RBCs (e.g. within 10% of its RBC). Aluminum, arsenic, and beryllium were detected at 

maximum concentrations exceeding their RBCs and were e ~ ~ t e d  from consideration in the risk 

assessment based on direct comparison to their background concentrations and based on Wilcoxon 

rank sum test analysis. 

Groundwater 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none was reported at a concentration close to its 

RBC (e.g. within 10% of its RBC). Arsenic and manganese were reported at maximum 

concentrations exceeding their respective RBCs and were eIiminated from consideration in the risk 

assessment based on comparison to their background concentrations. Wilcoxon rank sum test 

analysis was not performed as a corollary because there were too few Zone F groundwater 

background samples to provide a valid result. 

Groundwater is not currently used as a potable water source at combined SWMU 4, nor is it used 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered we11 were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 
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Background-related Risk 

Aluminum, arsenic, and beryllium were detected in combined SWMU 4 surface soil at 

concentrations above their RBCs. These elements were eliminated from consideration in the risk 

assessment based on comparison to their background concentrations. It is not unusual for naturalIy 

occurring or background concentrations of some elements to exceed risk-based concentrations. It 

is the risk assessment's function to identify excess risk andlor hazard, or that which is above 

background levels. The following is a discussion of the residential scenario risklhazard associated 

with background concentrations of these elements. 

The maximum surface soil concentration of aluminum (12,600 mglkg), arsenic (17.8 mglkg), and 

beryllium (0.93 mg/kg) equate with hazard quotients of 0.2, 0.8, and 0.003, respectively, for the 

resident child. The maximum concentration of arsenic and beryllium would equate with risks of 

5E-05 and 7E-06, respectively, under the residential scenario. The background concentrations of 

aluminum (18,500 mglkg) , arsenic (19.9 mglkg), and beryllium (1.05 mgtkg) equate with hazard 

quotients of 0.3, 0.9, and 0.003, respectiveIy, for the resident child. The background 

conmtrations of arsenic and beryllium equate with risk of 5E-05 and 8E-06, respectively, under 

a residential scenario. 

The maximum groundwater concentrations of arsenic (6.5 pglL) and manganese (2,420 pg/L) 17 

equate with hazard quotients of 1 and 4, respectively, for the resident child. The maximum 18 

arsenic concentration equates with a risk of 1E-04 under a residential scenario. The background 19 

concentrations of arsenic (16.7 pg/L) and manganese (2,010 pg/L) equate with hazard quotients 20 

of 4 and 6, respectively, for the resident child. The background concentration of arsenic equates 21 

with a risk of 4E-04 for the residential scenario. 22 
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10.1.7.7 Risk Summary 

The risk and hazard posed by contaminants at combined SWMU 4 were assessed for the future site 

worker and the future site resident under reasonable maximum exposure assumptions. In surface 

soils, the incidental ingestion and dermal contact pathways were assessed in this HHRA. The 

groundwater pathways included both ingestion and inhalation (VOCs only) and were based on first 

quarter groundwater data. Table 10.1.27 presents the risk summary for each pathway/receptor 

group evaluated for combined SWMU 4. 

Soil - Residential Scenario 

Residential soil pathway COCs identified for combined SWMU 4 include BEQs. Figures 10.1.15 

and 10.1.16 illustrate point risk and hazard indices for SWMU 109 surface soil exposure by 

potential future site residents. Table 10.1.28 summarizes the risk and hazard contribution of each 

COPC at each sample location. The point risk map is based on the unlikely assumption that a 

potential future site resident will be chronically exposed to specific points. Exposure to surface 

soil conditions is more Iikely the result of uniform exposure to the soil conditions of the entire site 

(or exposure unit area) rather than specific points. With this in mind, risk maps supplemented by 

the tables are useful in that they allow the reader to visualize how chemicals driving risk estimates 

are spatially distributed across the site. 

BEQs, identified as COCs in the formal risk assessment, contribute to risk estimate above 1E-06 

at most surface soil sample locations. Of the samples with reported concentrations of BEQs above 

the quantitation Iimit, risks estimates ranged from 1E-06 (004SB002) to 9E-06 (61938004). 

Hazard indices only did not exceed unity at any sample location. 

Soil - Site Worker Scenario 

No COCs were identified for combined SWMU 4 based on the site worker scenario. 



Table 10.1.27 
Summary of Risk and Hazard 
SWMU 4 and AOC 619 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

Dermal Contact 

Notes: 
ILCR Indicates incremental lifetime cancer risk 
HI Indicates hazard index 
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Table 10.1.28 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 4 and AOC 619 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Harard Index % HI Risk (E-06) Oh Risk 

004 001 B(a)P Equiv. 0.082 UGIKG N A 0.0014 100 
004 001 Manqanese (Mn) 66.7 MGKG 0.0195 100 N A 

Total 0.01 95 0.0014 

004 002 B(a)P Equiv. 69.233 UGlKG N A 1.1465 100 
004 002 Manganese (Mn) 91.2 MGlKG 0.0266 100 N A 

Total 0.0266 1.1465 

004 003 B(a)P Equiv. ND UGMG N A N A 
004 003 Manganese (Mn) 13.8 MGKG 0.0040 100 N A 

Total 0.0040 N A 

004 004 B(a)P Equiv. ND UGlKG N A N A 
004 004 Manganese (Mn) 20.4 MGMG 0.0060 100 N A 

Total 0.0060 N A 

619 001 B(a)P Equiv. 272.08 UGlKG N A 4.5057 100 
61 9 001 - Manganese (Mn) 104 MGIKG 0.0303 100 N A 

Total 0.0303 4.5057 

619 002 B(a)P Equiv. 49.214 UGMG N A 0.81 50 100 
619 002 Manganese (Mn) I f 5  MGlKG 0.0335 100 N A 

Total 0.0335 0.8150 

619 003 No COPCs Detected 
Total 

ND UGMG N A 
N A 

619 004 B(a)P Eauiv. 540.18 UGMG N A 8.9455 100 
619 004 ~ g n g a n k e  (Mn) 

Total 

619 005 B(a)P Equiv. 163.885 UGIKG N A 2.7140 100 
619 005 Manganese (Mn) 41.6 MGIKG 0.0121 100 N A 

Total 0.0121 2.7140 

619 006 B(a)P Eauiv. 244.205 UGlKG N A 4.0441 100 
619 006 ~ i n ~ a n i s e  (Mn) 

Total 
9.45 MGMG 0.0028 100 N A 

0.0028 4.0441 

619 007 B(a)P Equiv. 152.74 UGIKG N A 2.5294 100 
619 007 Manganese (Mn) 216 MGJKG 0.0630 100 N A 

Total 0.0630 2.5294 

619 008 B(a)P Equiv. 84.842 UGIKG N A 1.4050 100 
619 008 Manganese (Mn) 110 MGMG 0.0321 100 N A 

Total 0.0321 1.4050 

619 009 B(a)P Equiv. 247.36 UGIKG N A 4.0964 100 
619 009 Manganese (Mn) 54.5 MGlKG 0.0159 100 N A 

Total 0.0159 4.0964 

619 010 B(a)P Equiv. ND UGIKG N A N A 
619 010 Manganese (Mn) 

Totat 
81 MGKG 0.0236 100 N A 

0.0236 N A 



Table 10.1.28 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 4 and AOC 619 
NAVBASE - Charleston 
Charleston. South Carolina 

Site Location Parameter Concentration Unlts Hazard Index % HI Risk (E-06) % Risk 

619 011 B(a)P Equiv. 176.36 UG/KG N A 2.9206 100 
619 011 Manqanese (Mn) 150 MGMG 0.0438 100 N A 

Total 0.0438 2.9206 

619 012 B(a)P Euuiv. ND UGIKG N A N A 
619 012 ~ i ~ a n e s e  (Mn) 

Total 
243 MGlKG 0.0709 100 N A 

0.0709 N A 

619 013 B(a)P Equiv. 190.98 UGJKG N A 3.1627 100 
619 013 ~ i " g a n & e  (Mn) 

Total 
118 MGlKG 0.0344 100 N A 

0.0344 3.1 627 

619 014 B(a)P Equiv. ND UGKG N A N A 
619 014 ~ i n g a n & e  (Mn) 

Total 

619 015 B(a)P Equiv. 214.77 UGlKG N A 3.5567 100 
619 015 Manganese (Mn) 

Total 
320 MGlKG 0.0933 100 N A 

0.0933 3.5567 
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Groundwater - Residential Scenario 

As shown in Figure 10.1.17 and Table 10.1.29, the concentration of thallium in groundwater 

sampled from monitoring wells NBCF619001 and NBCF619003 equate with hazard indices of 3 

and 5, respectively. The concentration of chloromethane reported in the groundwater sample 

colleted from monitoring well 619003 equates with a risk of 2E-06. Thallium was only detected 

in the groundwater sample collected from monitoring well 619001 in the second quarter. 

Chloromethane was not detected in any second quarter groundwater sample. 

10.1.7.8 Remedial Goal Options 

Soil 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 

Table 10.1.30 for surface soils. Hazard-based RGOs were calculated based on the hypothetical 

child resident. 

Groundwater 

Groundwater RGOs based on the site resident scenario are shown in Table 10.1.3 1. 

10.1.8 Corrective Measures Considerations 

For SWMU 4 and AOC 619, the upper and lower soil intervals and shallow groundwater were 

investigated. During the RFI 19 upper and 13 lower interval soil samples were collected. Three 

groundwater monitoring wells were installed in the shallow aquifer. Based on the analytical 

results and the human health risk assessment, COCs requiring further evaluation through the CMS 

process were identified for the upper soil interval and shallow groundwater. However, residential 

use of the site is not expected, based on current site uses and the nature of surrounding buildings. 

Current reuse glans call for continued commercial/industriaI use. The site is partly paved with 

asphalt or concrete. 



ZONE F - RCRA FACILITY 

0.5 to 1.0 
r 1.0to3.0 POINT HAZARD E 

RESIDENTIAL SCENARIO 



Table 10.1.29 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 

619 001 Chloromethane ND UGL N A N A 
619 001 Thallium (7) 

Total 

619 002 Chloromethane ND UGlL N A N A 
619 002 Thallium (TI) ND UGlL N A N A 

Total N A N A 

619 003 Chloromethane 8 UG/L N A 2.2964 100 
619 003 Thallium (TI) 6.6 UGR 5.2740 100 N A 

Total 5.2740 2.2964 
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Table 10.1.31 
Residential-Based Remedial Goal Options Groundwater 
S W M U  4 and AOC 619 
Naval Base Charleston Zone F 
Charleston, South CPrOllllP 

NOTES: 
EPC exposure point concenWation 
NA not applicable 
ND notdetermined - remedial goal options were b a d  on the residential l i f h e  weighted average for carcinogens 

and the child resident for noncucinogens 

Background 
MCL Concenkahon 
m f l  mgA 

Inorganics 
Thallium N A 8E05 0.0066 

Risk-- 
Remedid Goal Options 
IE-06 1E05 1E-04 
mp'l m d  mgfl 

Oral Oral 
SF RfD EPC 

Chemical (mgntgday)-1 (mgkg-day) mgtl 

H&-Based 
Remedia1 Goal Options 
0.1 1.0 3 

rnfl mp'l mg/I 

0.00013 0.0013 0.013 NA NA NA 0.002 N A 
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BEQs were identified as COCs in the upper soil interval. The soil pathway cumulative residential 

exposure risk is 3E-06. This is within USEPA's acceptable risk range between 1E-06 and 1E-04. 

Residential risk-based remedia1 goals for surface soil for BEQs is 0.06 rnglkg based on a target 

risk of 1E-06. Potential corrective measures, in addition to no further action for soil and 

respective COCs, are presented in Table 10.1 .32. 

Two COCs, thallium and chloromethane, was identified in the shallow groundwater for AOC 619. 

Thallium was identified in the shallow groundwater at AOC 619 in two of the three wells. 

Chloromethane was detected in one well. The shallow groundwater pathway cumulative 

residential exposure risk is 2E-06 and the cumulative HI is 5 (resident child). The residential risk 

is within USEPA's acceptable risk range between 1E-06 and 1E-04. 

Table 10.1.32 
Potential Corrective Measures for SWMU 4 and AOC 619 

Medium Compounds Potentii Comctlve Measuns 

Saif Manganese and BEQs a] No Action 
b) Intrinric rrmdationand monitoring 
c) c o n l a w  by capping 
d) Emvation and fadfill, if RCRA- 

nonha2adous waste 
e) In- sh  chemical a d  physical merit 
f) Ex-sim, chemical and physical treatment 

Shallow Groundwater Thallium and chloromethane a) No Action 
b) intrinsic remediition and monitoring 
C) h i m ,  chemical amI physical treaiment 
d) Ex-situ, chcmical and physical tnatment 

The cumulative HI is above USEPA's acceptable HI of 1, The hazard-based RGO for thallium 
is 0.0013 mg1L based on a target HI of 1 and the risk-based RGO for chloromethane is 
0.0034 mg/L based on a target risk of IE-06. 

Potential corrective measures for the shallow groundwater and respective COCs are in 
Table 10.1.32. Corrective measures for SWMU 4 and AOC 619 are detailed in Section 9. 
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10.4 AOC 607, Dry Cleaning Building 1189 1 

A RFI site, AOC 607 is the former dry-cl&g facility at Building 1189, which operated from 2 

1942 to 1986. Fmm 1986, the facility was used as a laundry, housing two industrial washers and 3 

dryers. While operating as a dry-cleaning establishment, the facility was classxed as a minor 4 

emitter of total hydrocarbons. Materials released, stored, or disposed of at the site included 5 

perchlorethylene solvent. 6 

10.4.1 Site Geology and Hydrogeology 

A total of 19 monitoring well borings were used to assess the stratigraphy and hydrogeology at 

AOC 607. Prior to well boring advancement, DPT samples were collected at 62 locations, as 

shown on Figure 10.4-1. The soil, sediment and groundwater sample locations associated with 

the RFI are shown on Figure 10.4-2. The stmtigraphy consists of Quatemary silty sand and sandy 

clay overlying sandy silt containing phosphate nodules and shells. The silty sand and sandy clay 

deposits extend to a depth of appmximately 15 feet bgs. These sediments exhibit an average grain 

size distribution of 14 % sand, 32 % silt, and 54% clay. The sandy silt deposits exhibit an average 

grain size disttibution of 58% sand, 19% silt, and 23% clay. The total depths of the monitoring 

wells vary and range from 10 fi bgs to 33 ft bgs. Figures 10.4-3 and 10.4-4 present geologic 

cross sections of the site geology. Boring logs are contained in Appendix A. 

Figures 10.4-5 and 10.4-6 depict the shallow groundwater potentiometric surface and inferred 

flow direction at low and high tides, respectively. Very little difference in the static water levels 

and the overall flow pattern at the AOC 607 area were observed between high and low tide. The 

radial flow regime depicted in the figures suggest shallow groundwater Miltration to the storm 

sewer which runs parallel to the southwest side of Building 1 1 89. The hydraulic conductivity of 

the shallow deposits, calculated from slug testing, varied from 0.19 to 1.8 ft/day. The horizontal 

hydraulic gradient based on Figure 10.4-5 ranges from 7.7 x on the northern side of the site 

to 3.3 x lo-' on the south side of the site. These anomalously high gradients support influence by 
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the sewer. The horizontal flow rate was calculated to range from 1.4 x 10" ft/day to 5.9 x 

ftlday in the shallow deposits at AOC 607. 

Figure 10.4-7 depicts the intermediate groundwater potentiometric surface and inferred flow 

direction at low tide. Limited high tide measurements were conducted, therefore, a high tide 

potentiometric map is not provided. The radial flow pattern and steep gradient observed in the 

shallow horizon is minimized in the intermediate, suggesting the influence by the sewer in this 

horizon. The hydraulic conductivity measured in the intermediate wells range from 0.45 to 

1.25 ftlday . The horizontal hydraulic gradient, based on Figure 10.4-7, was 3.6 x 10". The 

horizontal flow rate was calculated to range from 1.6 x 10'~ ft/day to 4.7 x lo-' ft/day in the 

intermediate horizon at AOC 607. 

Figures 10.4-8 and 10.4-9 depict the deep groundwater potentiometric surface and inferred flow 

direction at low and high tide respectively. The radial flow pattern observed in the shallow and 

intermediate horizons is reversed in the deep, suggesting potential recharge by overlying horizons. 

The hydraulic conductivity within the deep wells at the site range from 8.1 x to 2.3 x loa2 

ftlday. The horizontal hydraulic gmdient, based on Figure 10.4-5, ranges from 1.1 x loe2 on the 

north, south and east sides of the site was 8.0 x on the west side of the site. The horizontal 

flow rate was calculated to range from 6.5 x 1Q5 filday to 2.3 x lo-' ft/day in the deep horizon 

at AOC 607. 

Figure 10.4-10 presents the vertical hydraulic gradients between the shallow and intermediate 

horizons at AOC 607. The moderate upward potential observed at the well 6070061607061 pair 

also supports groundwater infdtration to the sewer system, Figure 10.4-1 1 presents the vertical 

hydraulic gradients between the intermediate and deep horizons. 

Figures 10.4-12 and 10.4-13 present the tidal variation between low and high tides in the shallow 

and deep horizons at AOC 607. 
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10.4.2 Field Investigation Approach 

The objective of the field investigation at AOC 607 was to: (1) confimn the presence or absence 

of contamination in the site area; (2) delineate any contamhation found; and (3) provide sufficient 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 

the investigation area included soil, sediment, and groundwater. Section 3 of this report details 

the methods used during the field investigation. Included in this section are descriptions for the 

hollow stem auger procedures used for shallow well installation; the Rotasonic drilling procedures 

used for the onsite deep well; the DPT screening procedures used for soil and groundwater 

screening; sediment and groundwater sampling procedures; and miscellaneous procedures used 

during the field investigation. Also discussed are the analytical protocob for sample analyses. 

Appendix D contains the data report for samples collected in Zone F. 

10.4.3 DPT Screening Survey 

The approved final RFI work plan called for a screening survey (DPT survey) in the AOC 607 

area to idenbfy the extent that soil and shallow groundwater may have been impacted by potential 

onsite contamination. Push sample points were spaced on 50- foot square grids, dependent on the 

layout of the site (buildings, obstructions, etc. ) . Interval soil samples were generally collected 

from 2- to- 4-feet bgs and 4- to 6-feet bgs. Analyzed by a mobile labomtory (the mobile 

laboratory used to screen AOC 607 DPTfCPT samples was able to provide DQO Level IV data, 

even though only DQO Level III was required), Groundwater samples were collected at nodes 

which yielded water. Dependent upon location within the site area, groundwater was collected 

at shallow, intermediate and deep sampling intervals. Intermediate and deeper samples were not 

collected where shallow zones were contaminated. The sampling grid over the site area was 

densified as necessary to determine the extent of contamination found through the screening 

process. A total of 59 samples were collected from 62 DPT screening locations as depicted in 

Figure 10.4- 1. In all, 100 soil and 107 groundwater screening samples plus field QAiQC were 

collected during the DPT survey. These results were used to optimize placement of the discrete 
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soil borings and monitoring wells proposed for this investigation. The analytical screening data 

is contained in Appendix D. Because this data was used for screening only and was presented in 

progress meeting, the results are not presented in the RFI text. 

10.4.4 Soil Sampling and Analyses 

The approved final RFI work plan proposed advancing 12 soil borings within the AOC 607 area 

to confirm the presence of VOC soil contamination identified during site screening and also to 

analyse for metals and SVOA constituents. Upper and lower interval soil samples were proposed 

from each boring. Ten soil borings were advanced during the field investigation, as depicted in 

Figure 10.4-2. These were placed in amdance with the screening analyses, and as discussed and 

approved by the project team, Upper and lower interval samples were collected from nine 

borings, while one boxing was sampled from the upper interval only. Samples 607SB001 through 

607SB004 were collected through the floor of Building 1346 to investigate soil contamination 

beneath the building. In accordance with the approved final RFI work plan, soil samples were 

analyzed for metal, SVOA, and VOA constituents at DQO Level ID. Table 10.4.1 summarizes 

the AOC 607 soil samples and analyses. 

10.4.4.1 Nature of Contamination in Soil 

Organic compound analytical results for soil a~ sum- in Table 10.4.2. Inorganic analytical 

results for soil are summarized in Table 10.4.3. Table 10.4.4 summarizes all analytes detected 

in soil at AOC 607. Appendix D contains a complete analytical data report for all Zone F samples 

collected. 
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Tnbie 10.4.1 
AOC 607 

Soil Samfies and Analyses 

BOW s a m e  sample Date 
Loeation l d d e r  Interval Collected Analyses Remarlts 

607SBoOl 607S800101 uppet 9/23/96 See nofe 
M)7SB00102 Lowu 

607SB002 607SB00201 upper 9/25/96 See note 
607SBOMM Lower 

607SB003 607SBW30 1 U P P ~  665196 See riots 
607S3i3ti302 Lower 

607SB004 607SB00401 upper 9125196 See note 
607SB004M Lower 

b07SB005 6MSWJM1 UPP~ lOIY1% See ~ o t e  
WSBM)% tower 

607SB006 607SB00601 Upper 10/22/96 See note Lower sample not 
collected 

WSB007 @758001 UPW lOMZI% Sce note 
607s- Ldwer 

607SB008 607SB00801 upper 10122196 See note 
607SB00802 Lower 

607SB009 607S800901 Upper 101W96 See note 

607SB00902 Lower 

607SBOIO 607SB01001 Upper 10/22/96 See note 
607SB01002 Lower 

Note: 
SW-846 (metals, SVOAs, and VOAs) at DQO Level m. 
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were analyzed for metal, SVOA, and VOA constituents at DQO Level III. They were also 

analyzed for cyanides. One duplicate sample was collected Appendix M analyses at DQO 

Level IV. The second round sample was analyzed for VOAs at DQO Level m. Table 10.4.5 

summarizes the AOC 607 sediment samples and analyses. 

Table 10.45 
AOC 607 

Sediment Sampls and Analyses 

sample Date 
Loeation Collected Remarks 

m o o 0 1  N A N A N A Not Lmpled 

607MOOOZ 607MOOOIOl 10/01/% Note 1 

607MOOO3 607MOOQ301 1O)I)LISld Nota 1 

607M000401 10/011% Notes l/2* 
607N000401* 

Notas: 
1 - - SW-846 (metals, cyanides, SVOAs, VOAs) Level UI. 
2 - - Appendlv IX suite: Appsndut M @esticideslPCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins, OP-pesticides); 

cyanides; hex-chmme. b v e l  N. 
3 - - SW-846 (VOAs) Level UI. 
* - - Duplicate sample. 

10.4.5.1 Nature of Contamination in Sediment 

Organic compound analwcal results for sediment are summarized in Table 10.4.6. Inorganic 

analflcal results for sediment are sum- in Table 10.4.7. Table 10.4.8 presents a summary 

of all analytes detected in sediment at AOC 407. Appendix D is a complete analytical data report 

for all Zone F samples collected. 

The following sections discuss sediment sample results in relation to detected soil parameters to 

offer an indication potential correlation. However, most AOC 607 is paved, limiting the potential 

for surface erosion and sediment transport from the immediate site area. Given that sediment 
a *b 
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Table 10.4% 
AOC 607 

Analytes Detocted in Sedhnent Snmples 

Parametem Loeption Concentration 

Benwiw acid MW03 110.0 
Moo04 48.0 

Naphthalene 

Pyrene 

Moo04 5950 .o 

Dioxins (n%kg) 

Dioxin (2,3,7,8-TCDD TEQ') M0004 2.4065 
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Table 10.4.8 
AOC 607 

Adytes  D M d  ia Sediment Samples 

Parameters Lacation Co~~mtmtion 

Magnesium &ig) MOO02 2770.0 
10f0.0 

Manganese (Mn) 

Thallium O MOO03 0.79 

Tin (Sn) 

Vanadium (V) 

Zinc (Zn) MOO02 255.0 
MOal3 I380.0 
MOD04 SO. I 

Notes: 
N A 
ND 
NT 

- - Not available 
- - Not detected. 
- - Not taken 
- - Micrograms per kilogram 
- - Millignm per kilogram 
- - Nanogram per kilognm 
- - Calculrted 6um mcthoda described in USEPA Interim SuppZmmral Guidance to RAGS: Human Health Risk Assessmenr, 

Bulletin 2 (USEPA, 1995b) 
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samples were collected from e n g i n d  structures (stom catch basins, stom water culverts, etc .) , 

this material is not true sediment generated in a native setting, and therefore, is not compared to 

reference concentrations or other criteria. 

Volatile Organic Compounds in Sediment 

Three VOCs, tetrachloroethene, trichloroethene, and vinyl chloride, were detected in AOC 607 

sediment samples. Each of these VOCs, except vinyl chloride, was also detected in site soil 

samples. The highest sediment VOC concentration detected was 4.0 pg/kg of vinyl chloride. 

Semivolatile Organic Compounds in Sediment 

Twenty-seven SVOCs were detected in sediment samples. Of these SVOCs, only 

butylbenylphthalate was also detected in soil. The highest sediment SVOC concentrations was 

130,000 pglkg of fluoranthene. 

Pesticides and PCBs in Sediment 

A single concentration of the pesticide heptachlor was detected in the one duplicate sediment 

sample. No PCB concentrations were detected in AOC 607 sediment samples. Heptachlor was 

not detected in site soil. 

Other Organic Compounds in Sediment 

A single dioxin concentration (2,3,7,8-TCDD TEQ) was also detected in the duplicate sediment 

sample. Dioxin was not detected in site soil. 

Inorganic Elements in Sediment 

Metals were as commonly detected in sediment as they were in site soil. Twenty-two metals and 

cyanide were detected in sediment samples collected at AOC 607. 
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10.4.6 Groundwater Sampling and Analysis 

The approved final RFI work plan proposed the installation and sampling of six shallow 

monitoring wells within the AOC 607 area to: (I) assess groundwater quality, (2) to codinn the 

nature and extent of any contamination identified during the screening survey, and (3) identify 

contaminants which may be mi-g from the site in the shallow aquifer. Because three aquifer 

horizons were identified in the site area, eight shallow, five intermediate, and six deep wells were 

installed, in two phases, within the site area during the field investigation (Figure 10.4-2). AU 

wells installed at AOC 607 included tw+ft length m n e d  inte~als. Shallow wells were installed 

at approximately 10-ft bgs in the upper sand layer of the Wando Formation. Intermediate wells 

were installed at approximately 20-ft bgs* Deep wells were installed to about 30-ft bgs. In 

accordance with the approved lid RFI work plan, groundwater samples from original wells were 

analyzed for limited specific constituents at DQO h v e l  III. Subsequent phase wells were sampled 

for VOAs only, at DQO Level III. Two shallow well duplicate samples, and one deep well 

duplicate sample were collected for Appendix IX analyses at DQO Level IV, Table 10.4.9 

summarizes the groundwater samples and analyses at this site. 

Table 10.4.9 
AOC 607 

Groundwater Samples and Analyses 

Well Number Well Depth Sample Identifier Date Sampled Analyses Remarks 

607001 Shallow 50700101 11119196 Note 1 

607002 Shallow 60700201* 11119196 Notes 1/2* 

6M003 Shallow 6070030I 11/19/96 Note 1 

607004 Shallow 60700401 11/19/96 Note 1 

607006 Shallow 60700601* f 1/19/96 Notes 112* Sawad-round sample 

607007 Shallow 60700701 11/21/96 Note 1 

607008 Shallow 607008A1 4f30197 Note 3 Second-rwnd sunplea 

607009 Shallow 607009A1 5/06/97 Note 3 

607011 Intemrediate 60701101 11119196 Note 1 
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Table 10.4.9 
AOC 607 

Groundwater Samples and Analyses 

Well Number Well Depth Sample Identifier Date Sampled Analyses Remarks 

607021 Intermediate 60702101 11 119196 Note 1 

607031 Intermediate 60703101 31/19/96 Note 1 

607041 Intermdnte 60704101 11/19/96 Note 1 

607061 Memdhte 607MIA1 4DOj9T N a 3  Second-round samp1e-s 

60701D Deew 6070 1 DO 1 11/21/96 Note 1 

60703D Deep 607031301 11/21/96 Note 1 

60704D Deep 50704001 11/21/96 Nota 1 

607054D Deep 607054D01 111201196 Note 3 

Notes: 
1 - - SW-846 (metnls, petmcideslPCBs, SVOAs, VOAs); cyanides. Level 111. 
2 - - Appendix IX suite: Appendix IX (pesticideslPCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins, 

OP-pesticides); cyanides; hex-chrome at DQO Level N. 
3 - - SW-846 (VOAs) at DQO Level 111. 
* - - Duplicate sample. 
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10.4.6.1 Nature of Contamination in Groundwater 

Shallow wells 607001 h u g h  607004,607006, and 607006, intermediate wells 6070011 through 

6070041, and 6070071, and deep wells 607001D through 607005D, and 607007D, were installed 

initially. Shallow wells 607008 and 607009, and intermediate and deep wells 60070061 and 

607006D, were installed to further evaluate site groundwater during later sampling events. 

Analytical results for shallow groundwater samples are summarized in Tables 10.4.10 and 

10.4.11. Analytical results for intermediate groundwater samples are summarized in 

Tables 10.4.12 and 10.4.13. Deep groundwater analybcal results are presented in Tables 10.4.14 

and 10.4.15. Table 10.4.16 presents a summary of all analytes detected in groundwater at 

AOC 607. 

Organics Detected in Groundwater 

Shallow Well Samples 

Several VOCs and SVOCs were detected in shallow groundwater samples. The tap water RBCs 

for five VOCs were exceeded during the initial groundwater samples at AOC 607. Concentrations 

of 1 , 1 -dichloroethene, 2,2-dichloroethene (total), tetrachloroethene, trichloroethene, and vinyl 

chloride exceeded their respective RBCs. During initial sampling, only one SVOC, 

pentachlorophenol, exceeded its tap water RBC. Figures 10.4-1 6 through 10.4-20 show VOCs 

detected in shallow groundwater. Figure 10.4-2 1 shows the concentrations of pentachlorophenol 

in shallow groundwater. 

Intermediate Well Samples 

Four VOCs were detected in intermediate groundwater samples. The tap water RBCs for these 

four VOCs were exceeded during groundwater sampling at AOC 607. Concentrations of 1, l -  

dichlom-thene, 1,2-dichloroethene (total), tetrachloroethene, and trichloroethene exceeded their 

respective tap water RBC. Figures 10.4-22 through 10.4-25 show VOCs concentration detected 

in intermediate groundwater samples. 
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Section 10 -Site Specijic Evaluations 
Revision: 0 

Deep Well Samples 

Four VOCs were detected in deep groundwater samples. The tap water RBCs for three VOCs 

were exceeded during groundwater sampling at AOC 607. Concentrations of chlommethane, 

tetrachloroethene, trichloroethene exceeded their respective tap water RBCs. Figure 10.4-26 

through 10.4-28 show VOCs concentrations detected in deep groundwater samples. 

Inorganics Detected in Groundwater 

Shallow Well Samples 

Nineteen metals were detected in AOC 607 shallow groundwater samples. Aluminum, arsenic, 

chromium, and vanadium exceeded both their tap water RBCs and shallow groundwater 

background concentrations. Antimony, iron, and lead exceeded their tap water RBCs, but no 

backgmund is available for these metals in Zone F groundwater. Figures 10.4-29 through 10.4-32 

illustrate inorganics de&cted in shallow groundwater that exceeded both their respective tap water 

RBCs and background concentrations. Figures 10.4-33 and 10.4-34 show antimony and lead tap 

water lU3C exceedences in shallow groundwater, respectively. 

Intermediate Well Samples 

Fifteen metals were detected in AOC 607 intermediate groundwater samples. Only arsenic 

exceeded both its tap water RBC and background concentration. Iron also exceeded its tap water 

RBC, but no background is available for iron in Zone F groundwater. Figure 10.4-35 shows the 

arsenic concentrations in intermediate groundwater. 
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Deep Well Samples 

Eighteen metals were detected in AOC 607 deep groundwater samples. Concentrations of 

aluminum, arsenic and chromium exceed both their tap water RBCs and background 

concentxations. Fron and lead also exceeded their respective tap water RBCs, but no background 

is available for these metals in Zone F groundwater. Figures 10.4-36 through 10.4-38 show the 

inorganics in deep groundwater that exceeded both their tap water RBC and background 

concentrations. Figure 10.4-39 shows lead tap water RBC exceedances in deep groundwater. 

10.4.7 Fate and Transport Assessment for AOC 607 

Environmental media sampled as part of the AOC 607 include surface soil, subsurface soil, 

shallow, intermediate and deep groundwater, and storm sewer sediment. Potential constituent 

migration pathways investigated for AOC 607 include soil-to-groundwater, groundwater-to-surface 

water, surface soil-to-sediment, and emission of volatiles from surface soil to air. 

10.4.7.1 AOC 607 - Soil-to-Groundwater Cross-Media Transport 

Table 10.4.17 compares maximum detected organic constituent concentrations in surface soil and 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 

For inoqpics, maximum concentrations in soil are compared to the greater of (a) risk-based soil 

scmning levels, or @) backgxound concentrations. To provide a conservative screen, generic soil 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, 

with no attenuation of constituents in soil (DAF=20). 

No inorganics were detected in site soil at concentrations above their SSLs. One organic 

compound - PCE was detected in surface and subsurface soil at concentrations exceeding its SSL. 

Two locations, 607SB001 and 607SB004, exhibited concentrations of PCE greater than the SSL 

in surface soil, while only 607SB004 exhibited an exceedance in subsurface soil. Notably, at 

607SB004 PCE exhibited a significant enrichment as a function of depth, a feature atso common 

to detections 
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Table 10.4.17 
Chem~cals Detected in Surface Soil, Subsurface Soil, Shallow Groundwater, and Deep Groundwater 
Comparison to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations 
NAVBASE Charleston, Zone F: AOC 607 
Charleston. South Carolma 

Ground- Surface 
Water Water 

Volatile Organic Compounds 
16000 3700 
32000 1000 

10 0.019 

400000 1 SO000 NO NO NO 
46200 l I000 NO NO NO 

NO NO NO 
30 0.56 NO YES NO 

Inorganic Compounds 
NO NO NO 
NO NO NO 
NO YES YES 

1600 2600 NO NO NO 
63 0.66 NO NO NO 

NO NO NO 
NO NO NO 

2000 2200 NO NO NO 
920 1500 NO NO YES 

NO NO NO 
NO YES YES 

1100 2010 NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

11000 22000 NO NO 
NO NO NO 

76.4 26. 12000 1 1000 NO NO NO 

* Screening Concentrations- 
Soil to GW - Generic SSLs based on DAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6.4 
Tap Water RBC - From EPA Reg~on 111 Rtsk-Based Concentration Table, June 3, 1996 
Saltwater Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bullet~ns, Ecological Risk Assessment, November 1995; Table 

For inorganics, the value shown IS the greater of the relevant screening value or the corresponding background reference value 

NA - Not available/Not applicable 
ND - Not detected 
DAF - Dilution and attenuation factor 
GW - Groundwater 
RBC - Risk based concentration 

SSL - Sod screening level 
MGiKG - Milligrams per kilogram 
UGKG - Micrograms per kilogram 
UGJL - Micrograms per liter 
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of trichlorethene in site soil. The nature of soil contamination is consistent with past site 

activities, and the vertical distribution indicates that vertical migration of contaminants has 

occurred. This migration pattern is typical of surficial releases of PCE, a DNAPL with specific 

gravity greater than that of water. The lateral persistence of PCE exceedances in soil, however, 

is not fully delineated, so conclusions regarding residual mass would be conjectud at best. PCE 

was detected in site groundwater, thus validating the soil-to-groundwater pathway. However, the 

extent of groundwater contamination implies that the amount of residual mass posing a threat to 

groundwater may be small. 

10.4.7.2 AOC 607 - Groundwater-to-Surface Water Cross-Media Transport 

Table 10.4.17 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to risk-based concentrations for drinking water, and to chronic ambient 

saltwater quality criteria values for the protection of aquatic life (saltwater surface water chronic 

screening values). For inorganics, maximum concentrations in groundwater are compared to the 

greater of (a) risk-based drinking water concentrations, or (b) background concentrations for 

groundwater, as well as to the saltwater/surface water chronic values. To provide a conservative 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison 

to the relevant standads. 

Seven organic compounds - 1,l DCE, 1,2 DCE, PCE, TCE, chloromethane, vinyl chloride, and 

PCP - were detected in groundwater at concentrations above tap water RBCs. Additionally, 

PCE was present above saltwater screening criteria. All of these compounds were common to 

location 607006. 1,2 DCE, TCE, and vinyl chloride were also detected above screening levels 

at location 607004, while PCE was present above screening levels at locations 607008 and 607005 

deep. PCP was above screening levels only at 607003 and only in the first quarter. 1, f  DCE, 

PCE, and TCE were present in intermediate groundwater at 607006. Temporally, at location 

607006, the b.end of organic concentrations was somewhat variable, which, given that the source 
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activities had ceased, is likely reflective of climatological influence. Residual mass in soil can 

experience wide variation in contaminant flux due to idlltration of recharge and water table 

elevation changes, which is in turn reflected in groundwater concentrations. The primary 

contaminant from source activities is PCE, and evaluation of it can yield some insight into site 

conditions. In general, the concentration of PCE was greatly diminished from first to third 

quarter, a factor which suggests depletion of residual mass contribution. Additionally, with the 

exception of PCP, all of the cited compounds ~IE degradation products of PCE and their presence 

indicates that breakdown through natural processes (presumably biological in nature) is occurring. 

The variable nature of the concentrations of these degradation products precludes a clear 

understanding of the breakdown rates; additional data pertinent to attenuation, as well as additional 

trend data is required to accurately define these. The presence of halogenated volatiles in 

groundwater is consistent with site activities and with soil contamination. 

Three inorganics - arsenic, copper, and lead - were detected in groundwater at concentrations 

exceeding their respective screening levels. Arsenic exceeded its RBC and saltwater screening 

criteria at locations 607004, 607009, 607021, and 607031). Copper exceeded its surface water 

screening level in shallow groundwater at 607009, and in deep groundwater at 60701D and 

60703D. Lead exceeded its RBC and saltwater screening level in shallow groundwater at 607009, 

and in deep groundwater at 60701D, 60702D, 60703D, and 60705D. AU of the above cited 

exceedances were slight, within the same order of magnitude as the screening value. Temporally, 

concentration trends were not notable. These inorganics are inconsistent with AOC 607 activities 

as the source (their non-use in drycleaning procedures and their absence in soil). Additionally, 

their lateral and vertical occurrence is not correlative to organic contamination. The presence of 

copper and lead in deeper intervals, and their absence in corresponding shallow intervals, and the 

apparently ubiquitous presence of arsenic zone-wide, implies their association either with an 

upgradient source or with ambient conditions. 
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The presence of organics in site groundwater at simcant concentrations provides that the 

groundwater migration pathway in essence does have merit. However, the risk-based pathway 

to receptors is invalid due to current non-use of the resource. The surface water migration 

pathway has merit also; however, the Cooper River (the nearest receptor) is 2000 feet to the 

northwest of the site. Attenuation of organics through retardation and mechanical dispersion, 

coupled with dilutional effects at the discharge zone, clearly limit the discharge at deleterious 

effects levels for ecological receptors. Additionally, site groundwater flow is clearly inconsistent 

with discharge to the Cooper River; therefore this pathway is not considered significant at this 

AOC. Migration of groundwater discharge to the stom sewer is valid, however, and point 

discharge of stormwater outfall should be considered as a pathway from this AOC. This 

mechanism is to be addressed for the Cooper River in the Zone L RFI. 

10.4.7.3 AOC 607 - Soil-to-Sediment Cross Media Transport 

Four sediment samples were collected from stormwater catch basins that drain the general site 

area. Table 10.4.6 summarize the analytes detected in sediment samples. The volatile organics 

found in common between the suxface soil and sediment were PCE, TCE, and vinyl chloride - this 

constituent was detected in two sediment samples at about the same order of magnitude. For 

inorganics, nearly all of the constituents detected in soil samples were also detected in sediment 

samples at the site. Of 22 species present in surface soil 22 were also detected in sediment. This 

relationship establishes a link between surface soil and sediment, and implies either that surface 

soil is a source of these constituents in sediment, or at least contributes to the sediment load 

present in the stomwater drainage system. 

10.4.7.4 AOC 607 - Soil-to-Air Cross-Media Transport 

Table 10.4.18 lists the VOCs detected in surface soil samples collected at AOC 607 dong with 

corresponding soil-to-air volatilization screening levels. Little or no surface soil is exposed at 

AOC 607. In addition, none of the VOCs was reported at a maximum concentration exceeding 



Table 10.4.18 
Soil to Air Volatilization Screening Analysis 
NAVBASE Charleston, Zone F: AOC 607 
Charleston, South Carolina 

Concentration 

Methylene chloride 
Tetrachloroethene 
Trichloroethene 

* - Soil screening levels for transfers fiom soil to air were obtained from USEPA Soil 
Screening Guidance, Technical Background Document Appendix A, May 1996 
(first preference) or from Soil Screening Levels - Transfers horn Soil to Air, USEPA 
Region 111 Risk-Based Concentration Table, June 1996. 

NA - Not available 
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its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air migration 

pathway is not valid at AOC 607. 

10.4.7.5 AOC 607 - Fate and Transport Summary 

The primary activity at AOC 607 was drycleaning; as such, any releases would have likely 

involved PCE. PCE was detected in soil above its screening level for protection of groundwater. 

It was primarily limited to location 607SB004, and exhibited enrichment as a function of depth. 

This is consistent with the dry cleaning building as a source, and with the vertical migration of 

PCE likely in product form, In groundwater, a number of organics (primarily limited to PCE and 

it's degradation products) were present above screening levels, thus substantiating the soil to 

groundwater pathway. These organics were primarily in the shallow zone in the vicinity of 

location 607006 and to a lesser extent 607004. None of the concentrations provide inferrable 

evidence that fire product has entered the groundwater regime, indicating that vadose material has 

adsorbed the majority of potential release volumes. Temporally, the ovedl  trend from first to 

third quarter samples is towards decreasing concentrations, possibly reflecting a biological 

attenuation mechanism and reduction of residual mass in soil. From second to third quarter 

samples trends are more variable. This variability may be a function of climatological effects 

defining flux into the system, and require more data to adequately address. The presence of some 

compounds, and particular PCE and TCE, in deeper groundwater provides evidence that vertical 

migration is occurring. Three inorganics were detected above their screening levels in 

groundwater; however, all were within an order of magnitude of their screening threshold values. 

Arsenic's zone-wide persistence, the lack of a surface source, and the absence of copper and lead 

in shallow intervals, indicates that these constituents are source upgradient or are indicative of 

ambient conditions. The risk-based pathway for groundwater is invalid due to non-use of the 

resource. The migration to surface water is invalidated due to inconsistency between the site flow 

directions and the direction of the Cooper River, the nearest receptor for such discharge. 

However, the pathway for groundwater discharge to storm sewer and subsequent discharge to the 
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river is valid, and will be addressed in the Zone L RFI. The surface soil-to-air pathway is not 

considered signficant at this site as no constituents were detected above their respective screening 

levels for this pathway. 

10.4.8 Human Health Risk Assessment 

10.4.8.1 Site Background and Investigative Approach 

AOC 607 is the site of a former dry-cleaning facility at Building 1189 which more recently housed 

an industrial laundry facility. Building 1189 is currently vacant and the area surrounding it can 

be characterized as asphalt parking areas and roadways. Unpaved areas are located to the 

northeast and to the south of Building 1189. 

Section 10.4.4 provides details of the soil sampling effort and Table 10.4.1 provides a soil 

sampling summary for the AOC 607 RFI. A total of 10 soil samples were collected from the 

upper interval as part of the Rm activities. All 10 samples were analyzed for VOCs, TAL metals, 

and SVOCs. An extensive DPT screening investigation, consisting of 59 samples collected from 

62 DPT locations, was conducted at this site to identify areas of contamination. The ten surface 

soil samples collected during the RFI and 59 upper interval DPT soil samples were used to 

qualitatively assess the soil pathways. 

Section 10.4.6 provides details of the groundwater sampling effort and provides details of the 

groundwater investigation for the AOC 607 RFI. The groundwater investigation at AOC 607 

consisted of two phases of monitoring well installation. Data from the monitoring well 

investigation were used in the quantitative HHRA. A total of eight shallow, five intermediate, 

and six deep monitoring wells were installed. Groundwater data generated during the first quarter 

sampling events were quantitatively considered in the risk assessment. Data from subsequent 

q ~ r l y  sampling rounds and DPT investigations were used qualitatively to delineate plumes and 

define temporal trends. 
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10.4.8.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.4.19, aluminum was identified as a COPC for direct contact pathways. Wilcoxon rank 

sum test analyses did not result in the inclusion of any inorganic parameters that had been screened 

out on the basis of background concentration comparisons. Additionally, vinyl chloride was 

identified as an indirect inhalation pathway COPC based on cross-media transfer mechanisms. 

Although fate and transport analysis did not identify any soil to air COPCs based on the extensive 

surface coverings found at AOC 607, the risk assessment added this pathway as a conservative 

measure. 

Groundwater 

As shown in Table 10.4.20, the COPCs identified in groundwater for this site include aluminum, 

antimony , arsenic, chloromethane, chromium, 1 , 1 -dichloroethene, 1,2-dichloroethene (total), 

lead, pentachlorophenol, tetrachloroethene, trichloroethene, vanadium, and vinyl chloride. 

Beryllium and manganese were detected at concentrations exceeding their tap water RBCs and 

were eliminated from consideration in the HHRA based on direct comparison of their maximum 

concentrations to their background concentrations. There were too few background data for 

groundwater to perform Wilcoxon rank sum test analyses. As a result, this background 

comparison was not conducted for AOC 607 groundwater data. 

Of the groundwater samples coUected during the fust quarter sampling event, hexavalent 

chromium analysis was performed on two duplicate samples from (607002 and 60702D). In each 

case, hexavalent chromium was not detected. Since there is uncertainty associated with the 

distribution of hexavalent and trivalent chromium in AOC 607 groundwater, based on two samples 

collected in the same general area, chromium was assumed to exist in the hexavalent state 

throughout this assessment as a conservative measure. 



Table 10.4.19 
Summary of Chemical Present in Site Samples 
AOC 607, Surface Soil 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

176 2310 

474 1050 

Semivolatile Organics 

Volatile Organics 

nchloroethene 

- Identified as a COPC 
* - Identified as a COPC due to indirect inhalation 
N - Essential nutrient 
SQL - Sample quantiation limit 
RBC - Risk-based concentration 
mg/kp - millgram per kilogram 
ug/kg - microgram per kilogram 
NA - N d  applicable 



Table 10.4.20 
Summary of Chemicals Present in Site Samples 
AOC 607- Combined Shallow, Intermediate, and Deep Groundwater 
NAVBASE - Charleston. Zone F 
Charleston, South Carolina 

' - Identified as a COPC 
N - Essential nutrient 
SQL - Sample quantitation limit 
RBC - Risk-based concentration 
ug/L - microgram per liter 
NA - Not applicable 
N - Essential nutrient 

Number 
Exceeding 

RBC Ref. 

3 10 
1 

13 4 

1 

2 6 

5 

12 

1 8 

1 

1 
2 
3 
4 

4 
1 

Units 

uglL 
ug/L 
uglL 
uglL 
uglL 
ug l l  
uglL 
ug/L 

uglL 
uglL 
uglL 
uglL 
uglL 

2010uglL 
uglL 
uglL 
uglL 
uglL 
ug/L 
uglL 

1.58ugIL 
ug l l  

uglL 
uglt 
ug/L 
uglL 

uglL 
ug/L 
ug/L 
uglL 
uglL 
uglL 
uglL 
uglL 

Parameter 

Inorganics 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Calcium (Ca) N 
Chromium (Cr) 
Cobart (Co) 
Copper (Cu) 
Iron (Fe) N 
Lead (Pb) . 
Magnesium (Mg) N 
Manganese (Mn) 
Nickel (Ni) 
Potassium (K) N 
Selenium (Se) 
Silver (Ag) 
Sodium (Na) N 
Tin (Sn) 
Vanadium (V) 
Zinc (tn) 

Semivolatile Organics 
Benzoic acid 
Benzyl alcohol 
Butylbenzylphthalate 
Pentachlorophenol 

Volatile Organics 
Carbon disulfide 
Chloromethane 
1,l-Dichloroethene ' 
1,ZDichloroethene (total) ' 
Tetrachlotoethene * 
Toluene 
Trichloroethene ' 
Vinyl chloride ' 

Frequency 
of 

Detection 

14 16 
1 16 

13 16 
16 16 
1 16 
1 16 

16 16 
10 16 
7 16 
7 16 

16 16 
7 16 

16 16 
16 16 
15 16 
14 16 
3 16 
1 16 

16 16 
1 16 
8 16 
2 26 

2 16 
1 16 
1 16 
1 16 

2 19 
1 19 
2 19 
3 19 
4 19 
2 19 
4 19 
1 19 

Screening Concentrations 
Residential 

RBC Reference 

3700 224 
1.5 NA 

0.045 16.7 
260 200 

0.016 0.66 
1.8 0.82 
N A NA 
18 2.05 

220 67 
1 50 NA 
N A NA 
15 NA 

N A NA 
84 
73 61.1 
N A NA 
18 NA 
18 2.7 

N A NA 
2200 NA 

26 
1100 NA 

15000 NA 
1100 NA 
730 NA 
0.56 NA 

1 00 NA 
1.4 NA 

0.044 NA 
5.5 NA 
1.1 NA 
75 NA 
1.6 NA 

0.019 NA 

Range Average 
of Detected 

Detection Conc. 

66.9 7810 1899 
2.6 2.6 3 

3 75.2 17 
5.85 55 30 
0.46 0.46 0.46 
0.6 0.6 0.6 

4170220000 75161 
1.1 35.6 11 

1.05 9.9 4 
0.96 8.3 3 
74.6 22000 4263 
2.1 99.7 39 

1022.5 55700 20109 
2.6 1040 225 

0.92 17.4 4 
2500 26500 10406 

3.4 9.3 7 
1.2 1.2 1 

6570 478000 235317 
3.5 3.5 4 
3.5 90.4 20 
22 43.3 33 

1 1 1 
2 2 2 
I 1 1 
3 3 3 

2 2 2 
10 10 10 
2 2 2 

24 840 328 
3 45000 12279 
1 4 3 
2 1300 370 
9 9 9 

Range 
of 

SQL 

29.4 115 
2.3 5.7 
2.5 2.5 

NA NA 
0.3 0.63 
0.3 0.5 

NA NA 
0.8 0.8 
0.9 2.7 
0.6 0.6 

NA NA 
1.7 1.7 

NA NA 
NA NA 
0.8 0.8 

1600 1600 
2.8 3.4 

1 1.9 
NA NA 
2.6 14 
0.5 2.8 
5.3 38.1 

50 50 
10 10 
10 18 
50 50 

5 5 
10 10 
5 5 
5 5 
5 7 
5 5 
5 5 

10 10 
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10.4.8.3 Exposure Assessment 

Exposure Setting 

AOC 607 is located along the west side of NAVBASE and is currently covered by either 

buildings, asphalt, or grass. The site is located within a moderately developed 

commercial/industrial area of NAVBASE and most surrounding parcels are occupied by buildings 

andlor service roads. Base reuse plans have indicate that the area surrounding AOC 607 could 

maintain its commerciaVindustrial setting or may be redeveloped as a recreational area. The 

surrounding area will either maintain its current features andlor entail relandscaping and additional 

construction. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers, current trespassers, future 

recreational users, and hypothetical future site residents. With respect to soil, future site resident 

and future site worker (industrial) exposure scenarios were addressed in this risk assessment. The 

hypothetical future site worker scenario assumed continuous exposure to surface soil conditions. 

Current site workers' exposure would be less than that assumed for the hypothetical future site 

worker scenario because of their limited soil contact (much of the site is paved). Therefore, future 

worker assessment is considered to be conservatively representative of current site users. The 

future site resident scenario was built on the premise that existing buildings and pavement would 

be removed and replaced with yards and dwellings. Since redevelopment plans have not yet been 

finalized and recreational use is a redevelopment option, a recreational use scenario was 

qualitatively addressed by comparison to the residential use scenario. The current trespasser 

scenario was qualitatively addressed by comparison to the resident child scenario. In general, the 

residential scenario is a conservative estimate for the recreational and trespasser scenarios. As 

base redevelopment plans matedize, exposure scenarios can be refined to reflect proposed future 

uses. 
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Exposure Pathways 

Exposure pathways for the future site workers are dermal contact with contaminated surface soil, 

incidental ingestion of surface soils, inhalation of volatiles emanating from surface and subsurface 

soils, ingestion of groundwater through potable use, and inhalation of VOCs resulting from 

domestic or process use of groundwater. The exposure pathways for future residential land use 

are the same as those for the future site worker. Uniform exposure was assumed for all sample 

locations. Table 10.4.21 pments the justification for exposure pathways assessed in this HHRA. 

With respect to groundwater, since NAVBASE has readily available municipal water, it is highly 

unlikely that the aquifer will be used as a source of potable or process water. Groundwater 

exposure pathways would not be completed if the municipal water supply is kept in place. As a 

highly conservative estimate of potential riswhazard due to groundwater pathways, a residential 

scenario and an industrial scenario were considered for AOC 607. Since there is no clear 

confining layer sepamting the shallow, intermediate, and deep aquifers, all groundwater data from 

the surficial aquifer were combined in evaluating the groundwater pathways. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for datasets consisting of at 

least 10 samples. Table 10.4.22 summarizes the statistical analysis performed on surface soil data 

and shows the 95 % UCLs calculated for the soil COPCs. Vinyl chloride was the only soil-to-air 

COPC identified for AOC 607 and its EPC was based on both surface soil and subsurface soil data 

for this indirect exposure pathway. Surface (10) and subsurface (9) soil data from the RFI 

sampling effort and surface (10) and subsurface soil (7) from the DPT sampling effort were used 

to calculate a 95 % UCL for vinyl chloride. These samples represent an area of approximately one- 

half acre. The EPC for vinyl chloride was set equal to its 95 % UCL. 
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TabIe 10.4.21 
Exposure Pathways Summary - AOC 607 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
PQ&a&ul P ~ v  for -9 

es 

Current Site Users/ Air, Inhalation of gaseous No {Qualified) Future land use assessmdt is cbnddeted to 
Mainteoancc and wntamimfs emanating be conservatively representative nf Current 
Trespassers from soil receptors. 

Air, Inhalation of No This pathway is considered insignificant 
chemicals entrained in compared to the other pathways. 

Shallow groundwater, No (Qualified) Shaflow groundwater is not currently used 
Inhalation of volatilized as a source of potable or non-residential 
shaltow groundwater water at AOC 607. Future land use 
contaminants assessment is considered to be 

conservatively representative of current 
recentnrs. *--- 

Soif, Incidental ingestion No (Qualified) Future land use assessment i s  considered ta 
be consewafively representative of current 
receptors. 

Soil. Dermal contact No (Qualified) Future land use assessment is considered to 
be conservatively representative of current 
receptors. 

!4 

Future Site Air. Inhalation of gaseous Yes Soil to air screening identified COPCs for 
Residents (Child contaminants emanating this exposure route. 
and Adult), Site from soil 
Worker, 
- - - - - - - -- - - - - - 

Air, Inhalation of No No constituents were idenrified that would 
chemicals entrained in significantly contribute ta risk via rhis route. 
fugitive dust 

Shallow groundwater, Yes COPCs were identified subsequent to risk- 
Ingestion of contaminants based and background screening 
during potable or general comparisons. 
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Table 10.4.21 
Exposure Pathways Summary - AOC 607 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected - - 
P- Path- for Evaluation,? 

Shallow groundwater, Yes COPCs were identified Subsequent to risk- 
inhalatian of ~oiatiliztd based screening comparisons. 
contaminants during 
domestic use 

Soil, Incidental ingestion Yes COPCs were identified subsequent to risk- 
based and background screening 
comoarisons. 

Wild game or domestic No Huntingltaking of game andlor raising 
animals, Ingestion of livestock is prohibited within the 
tissue impacted by media Charleston, South Carolina city limits. 
contamination - - - - - -. - - - - - - - -. 

Fruits and vegetabtes, No The potential for significant exposure via 
ingestion of plant tissues his pathway is low relative u, that of other 
~r-a exnosure -. 



Table 10.2.22 
Statistical Analysis of COPCs in Surface Soil 
AOC 607 
NAVBASE - aarleston, Zone F 
Charleston, South Carolina 

NOTES: 
mean 
n 
SD 
H-stat 

Natural Log Transformed UCL MAX 
COPC n mean SD H-stat (mg/kg) (mgkg) 
- - -- 

Aluminum 10 8.796 0.486 2.202 10623 18600 
Vinyl chloride* 36 1.228 1.527 3.065 0.024 0.211 

N A 
EPC 
UCL 
MAX 
& 

EPC 
(m&'kg) 

10623 UCL Used 
0.024 UCL Used 

Arithmetic mean of the logt~ansformed data 
Number of samples analyzed 
Standard deviation for a sample of data 
"H" statistic from Gilbert 1987; cuboidal interpolation was used to determine the value in 

accordance with USEPA Supplemental Guidance to RAGS, Calculating the Concentration Term 
Not applicable 
Exposure point concentration 
95 percentile upper confidence level mean 
Maximum reported concentration 
Identified as a COPC based on comparison of its maximum concentration in surface and 
subsurface soil to its soil-to-air SSL. Both surface and subsurface soil data collected during 
the RFI investigation and the CPT investigation were used to calculate EPC 
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Table 10.4.23 summarizes the determination of the groundwater P C .  Current EPA guidance 

favors the use of the arithmetic mean in the most concentrated area of the plume as the EPC for 

groundwater COPCs. The most concentrated area of the plume is defined separately for each 

COPC as summarized on Table 10.4.23. A plume of chlorinated solvents was defined using data 

generated from samples collected from monitoring wells 607006 and 607061. The EPC is 

calculated as the arithmetic mean of first quatter data from these monitoring wells (considered the 

"most concentrated area" of the chlorinated solvent plume). All of the inorganic COPCs were 

ubiquitous in the surficial aquifer, and as a result, UCLs (or maximum concentrations if the UCLs 

were higher) were calculated to characterize their EPC. Chloromethane, pentachlorophenol, and 

vinyl chloride were only detected in one of the first quarter groundwater samples, and as a result, 

their only detected concentration was used as their respective EPCs. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with surface soils are shown in Tables 10.4.24 and 

10.4.25, respectively. The CDIs for inhalation of VOCs emanating for surface and subsurface 

soil are shown in Table 10.4.26 and were calculated as follows. Since vinyl chloride was the only 

COPC identified for inhalation pathway and since there is no published reference dose, 

noncarcinogenic CDIs were not calculated. 

Inhalation of VOCs Emanating from Soil: 
Carcinogens: 



Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
I , I  -Dichloroethene 
1,2-Dichloroethene (total) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 
Vinyl chloride 

Table 10.4.23 
Determination of Groundwater EPCs 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Average 

7.81 Max Conc. 
0.0022 95% UCL 
0.04 95% UCL 
0.01 Max Conc. 

0.0356 Max Conc. 
0.002 Mean in Plume 
0.432 Mean in Plume 

0.0997 Max Conc. 
0.003 Max Conc. 
24.55 Mean in Plume 
0.725 Mean in Plume 
0.087 95% UCL 
0.007 Mean in Plume 

Natural Log Transformed 
Standard 

n mean Deviation 

Maximum Conc. in 
95% UCL Conc. Plume 

(mglL) (mgR.) (mg/L) 

EPC 
(mg/L) 



Table 10.4.24 
Chronic Daily Intakes 
Incidental Ingestion of Surface Soil 
AOC 607 
NAVBASE - Charles~on, Zone F 
Charleston, South Carolina 

NOTES : 
lwa Lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B 
CDI Chronic Daily Intake in mgkg-day 
H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 
* Reflects the estimated fraction of the site impacted by the corresponding COPC 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 
(mg/kg-da~) (mg/kg-day) 

Fraction Exposure 
Ingested from Point 
Contaminated Concentration 

Chemical Source * (mg/kg) 

Future Future Future 
Resident adult Resident child Resident Iwa 

H-CDI H-CDI C-CDI 
(mgkg-day) (mgkg-day) (mgfkg-day) 
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Table 10.4.26 
Chronic Daily Intakes 
Inhalation of Volatile Organic Compounds Eminating from Soil 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Vinyl Chloride 0.0241 2.56E-06 7.16E-06 1 . 4 9 ~ ~ 0 6 1  1.836-06 6.53E-07 

NOTES: 
Iwa Lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B 

CDI Chronic Daily Intake in rngkg-day 
H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 
(mg/kg-day) (mgikg-day) 

Exposure 
Point 

Concentration 
Chemical ( m f l g )  

Future Future Future 
Resident adult Resident child Resident lwa 

H-CDI H-CDI C-CDI 
(mg/kg-day) (mg/kg-da~) (w"kg-day) 
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Variable 
BWa 
ED, 
E F m s  
m w  

I%j 

R 
AT, 
cs 
VF 
F 

Description 
Average adult body weight (70 kg) 
Adult exposure dumtion (25 yr) 
Residential exposure frequency (350 dayslyear) 
Worker exposure frequency (250 dayslyear) 
Lifetime weighted average inhalation rate (1 1.66 m3-yrlkg-day) 
Adult inhalation rate (20 m3/day) 
Averaging time - carcinogen (25,550 days) 
Chemical concentration in surface soil - EPC (mglkg) 
Volatilization factor (2,568 m3/kg) 
Conversion factor (lo4 kglmg) 

The Volatilization factor was calculated as follows using USEPA Soil Screening Guidance (1996): 

QfC Source arealemission rate; one-half acre source, Charleston area 
(74.89 g/m2-sec per kg/m3) 

D.4 Apparent diffusivity; calculated using Soil Screening Guidance defaults 
(0.02996 cm2/sec) 

CF Conversion factor (1E-04 m2/cmz) 

The CDIs for groundwater ingestion are presented in Table 10.4.27. The CDIs for inhalation of 

volatile organic compounds is assumed to be approximately equal to the CDI for ingestion as 

indicated in the Technical Memorandum Guidance on Estimating Exposure to VOCs while 

showering (USEPA/ORD, July 10, 1991). 

10.4.8.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.4.28 

presents toxicological information specific to each COPC identified at AOC 607. This 

information was used in the quantification of risldhazard associated with soil and groundwater 



Table 10.4.27 
Chronic Daily intakes 
Ingestion of COWS in Groundwater 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Chemical 

Aluminum (Al) 
Ant~mony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
I, 1-Dichloroethene 
1,2-Dichloroethene (total) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 
Vinyl chloride 

Exposure Future Future Future 

H-CDI 

N O E S :  
Iwa Lifetime weighted average 
CDI Chronic Daily intake 
H-CDI Noncarcinogenic hazard based Chronic Daily Intake 
C-CDI Carcinogenic risk based Chronic Daily Intake 

Future Future 
Worker adult Worker adult 
H-CDI C-CDI 

OWkg-day) (mg'kg-day) 
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contaminants. Brief toxicological profiles for each COPC are provided in the following 

Alurninum is one of the most abundant metals in the earth's crust (7% aluminum), and it is 

ubiquitous in air and water, as well as soit. This metal is water-soluble, silvery, and ductile, 

which suggests its usefulness in many processes. Ingesting aluminum can affect the absorption 

of other elements within the gastrointestinal tract and can alter intestinal function. Aluminum can 

potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on 

the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part 

of the neummuscular system controlling bowel muscles. The effect could explain why aluminum- 

containing antacids often produce constipation. Aluminum dust is moderately flammable and 

explosive in heat. Inhaling this dust can cause fibrosis (aluminosis) (Klaassen, et al., 1986) 

@reisbach, et d., 1987). No data are available on an applicable SF or the USEPA cancer group. 

The USEPA Region IV Office of Health Assessment suggested using the provisional oral RfD of 

1.0 mglkg-day. The aesthetic-based SMCL for drjnking water is 50 to 200 pglL (USEPA, Office 

of Water). 

Anfimony belongs to the same periodic group as arsenic. This element is absorbed slowly through 

the gastrointestinal tract, which is the target of this element. Another target is the blood, where 

antimony concentrates. Due to frequent industrial use, the primary exposure route for antimony 

to the general population is food. Antimony is also a common air pollutant from industrial 

emissions. USEPA has not classified antimony as a carcinogen, and the oral RfD is 

0.0004 mglkg-day (Klaassen, et al, 1986). The oral IUD is based on a LOAEL of 0.35 mg/kg 

bwlday, an uncertainty factor of 1000, and a modifying factor of 1 (IRIS). 

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically 

exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and 
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cardiovascular effects (Haassen, et al., 1986). USEPA set 0.3 pgikg-day as the RfD for arsenic 

based on a NOAEL of 0.8 pglkg-day in a human exposure study. Arsenic's effects on the 

nervous and wdiovascular systems are primarily associated with acute exposure to higher levels. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation 

of these materials can lead to increased lung cancer risk, and ingestion of these materials is 

associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen 

by USEPA, which set the 1.5 (mg/kg-day)-'SF for arsenic. As listed in IRIS, the basis for the 

classification is sufficient evidence from human data. An increased lung cancer mortality was 

observed in multiple human populations exposed primarily through inhalation. Also, increased 

mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 

incidence of skin cancer were obsewed in populations consuming drinking water high in inorganic 

arsenic. Human milk contains about 3 pglL arsenic. The RBC for arsenic in tap water is 

0,038 pg/L. As listed in IRIS, the critical effect of this chemical is hyperpigmentation, keratosis, 

and possible vascular complications. The uncertainty factor was determined to be 3 and the 

modifying factor was determined to be 1. 

Chlommethune is a clear, colorless gas that has a faintly sweet, non irritating odor at high levels 

in the air. A naturally occurring chemical, it is made in large amounts in the oceans and is 

produced by some plants and rutting wood and when such materials as grass, wood, charcoal, and 

coal burn. Chloromethane is also produced industrially, but most of it is destroyed during use. 

It is used mainly in the production of other chemicals such as silicones (72%), agricultural 

chemicals (8 96) , quaternary mines, and butyl rubber. 

Case reports of humans exposed acutely to high concentrations of chloromethane have described 

severe neurological effects, sometimes followed by death. Effects on the cardiovascular system, 

liver, and kidney have also been described in the case reports of humans exposed for brief periods 

or for more prolonged periods occupationally (Gummart, 1961; McNally, 1946; Spevak et al., 
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1976). Numerous acute inhalation studies have idenwied the liver and kidney as target organs in 

rats and mice, the spleen in mice and dogs, and the testes and epididymides as target organs in 

rats. These studies have shown that species differences in susceptibility exist and that generally 

animals are more susceptible to relatively low exposures given continuously than to relatively high 

exposures given intermittently (ATSDR, 1990). USEPA has ranked chloromethane as a group 

C carcinogen (USEPA, 1993). Chlommethane has an oral SF as well as an inhalation SF that are 

1.3E-02 and 6.3E-03, respectively (USEPA, 19960. 

Chromium exists in two stable, natural forms: trivalent @I) and hexavalent (VI). Acute 

exposure to chromium can result in kidney damage following oral exposure or damage to the nasal 

mucosa and septum following inhalation exposure. Chronic inhalation exposure to hexavalent 

chromium has resulted in kidney and respiratory tract damage, as well as excess lung cancer in 

both animals and humans following occupational exposure. Only hexavalent chromium is believed 

to be carcinogenic by inhalation (IRIS). Chal RfD values for both forms of chromium are 1.0 and 

5E-03 (mglkg-day). For trivalent chromium, the RfD is based on liver toxicity in the nit. For 

the hexavalent foxm, the RfD is based on unspecified pathological changes observed in rat studies. 

In addition, hexavalent chromium is considered a group A carcinogen for inhalation exposures, 

and a SFo of 42 (mglkg-day)-' has been established for the hexavalent form. Vitamin supplements 

contain approximately 0.025 mg of chromium. As listed in IRIS, no critical effects were observed 

for chromium 0. The uncertainty factor was 100 and the modifying factor was 10. As listed 

in IRIS, no critical effects were observed for chromium (VI). The uncertainty factor was 500 and 

the modifying factor was 1. 

1, I-Dichlomethene is a volatile organic compound, primarily toxic to the liver, central nervous 

system, and kidneys. The mucous membrane, skin, lung, and cornea (irritation) are also affected. 

1,1-l>ichlomthene is more toxic than 1,2-Dichlomethene; this chlorinated compound is a USEPA 
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group C carcinogen. The RfDo is 0.009 mglkg-day, and the SFo and Sfi are 0.6 and 0.175 

(mglkg-day)-', respectively (Dreisbach, et al., 1987). 

1,2-Dichlomethene is a halogenated hydrocarbon associated with toxicity to the mucous 

membrane, skin, lung, come. (irritation), and liver. This compound is less toxic than its alkane 

counterparts, and is neither mutagenic nor carcinogenic. There is no USEPA carcinogenicity 

listing for this compound (Dreisbach et al., 1987). However, the RfDo has been set to 

1E-02 mglkg-day for the cis-isomer, and at 2E-02 mglkg-day for the trans-isomer by USEPA 

(USEPA, 1996f and IRIS). 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD or 

SF has been set by USEPA. However, an action level for soil protective of child residents has 

been proposed by USEPA Region IV: 400 mg/kg. USEPA's OSWER has recommended a 1,000 

mglkg cleanup standard for industrial properties. USEPA's Office of Water has established a 

treatment technique action level of 15 ~g1L.  As listed in IRIS, the classification is base on 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statistically 

significant increases in renal tumors with dietary and subcutaneous exposure to several soluble 

lead salts. Animal assays provide reproducible results in several laboratories, in multiple rat 

strains with some evidence of mulbple tumor sites. Shod-term studies show that lead affects gene 

expression. Human evidence is inadequate. An RfD and SF have not been set because of the 

confounding nature of lead toxicity. Lead can accumulate in bone marrow, and effects have been 

observed in the CNS, blood, and mental development of children. RfDs are based on the 

assumption that a threshold must be ex& to result in toxic effects (other than carcinogenicity). 

Once lead accumulates in the body, other influences cause the actual levels in the bbod to 

fluctuate - sometimes the lead is attached to binding sites; sometimes lead is free flowing. If an 

exposed individual has previously been exposed to lead, this individual could lose weight and set 
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fat-bound lead free. This fluctuation and lack of previous lead exposure data are two of the 

reasons lead effects are difficult to predict (Klaassen et al., 1986). 

Tettachloroethene (PCE) has been used as a solvent in industry and occurs as a volatile 

contaminant in other chlorinated hydrocarbons. PCE exposure can result in long-lasting narcosis 

with delayed onset and damage to the liver and kidneys. The principal manifestations of 

over-exposure to this halogenated hydroarbon are jaundice and oliguria, and irritation of the eyes 

and nose, followed by headaches, nausea and coma. Cyanosis and central nervous system 

depression progressing to coma appear one to four hours after the short-term exposure. Liver and 

kidney damage after apparent recovery or after repeated exposures causes acute symptoms such 

as nausea, vomiting, abdominal pain, jaundice, oliguria and uremia. PCE exposure via the 

inhalation and/or skin absorption exposure pathways could result in headaches, tremor, dizziness, 

peripheral paresthesia, hypesthesia, or anesthesia. PCE is a carcinogen, but is currently under 

review by USEPA; it is cmntly classified as a B2-C carcinogen. The RfDo has been set to 0.01 

mglkg-day , and the SFo and SFi have been set to 0.052 and 0.00203 (mglkg-day)-', respectively, 

by USEPA. As listed in IRIS, the critical effect of this chemical is hepatotoxicity in mice, weight 

gain in rats. The unce-ty factor was determined to be 1000 and the modifying factor was 

determined to be 1. (Dreisbach, et al., 1987). 

Trichlomethene (TCE) is a mobile, volatile liquid which has the characteristic odor of 

chloroform. Inhalation, intravenous and subcutaneous mutes are all viable exposure pathways for 

this compound. TCE is a strong skin and eye irritant that is relatively less toxic if ingested. 

Iddation of high concentrations causes narcosis and anesthesia. This compound targets the liver 

and other organs. TCE is a B2 carcinogen, and the Sfo and SFi have been set by USEPA to 

0.0 1 1 and 0.006 (mglkg-day)-', respectively. USEPA also set the RfDo to 0.006 mglkg-day 

(Dreisbach, et al.,  1987). 
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V e  is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 

It is also a by-product of petroleum refining. Vanadium is soluble in fats and oils (Khassen et 

al., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ is unclear, 

and the primary focus of toxicological information is inhalation of vanadium dust. Typical 

vitamin supplements contain approximately 0.010 mg in a daily dose. The RfDo set by USEPA 

is 0.007 mglkg-day . 

Vinyl chloride is a volatile organic that can cause Raynaud's Phenomenon or white finger disease. 

It has been shown to cause angiosarcoma, a cancer. It has been also been associated with 

reproductive dysfunction in men and women. The primary target organs for non-carcinogenic 

effects are the liver, kidney, and nervous system. This compound inhibits one of the main 

metabolic pathways of the body (a group of enzymes), and can influence the toxicity of other 

compounds because of this effect. Due to the carcinogenicity of this compound, USEPA classified 

vinyl chloride as a class A carcinogen and set the SFi and SFo to 0.3 and 1.9 (mglkg-day)-', 

respectively (Klaassen, et al, 1986) (Dreisbach, et al, 1987). 

10.4.8.5 Risk Characterization 

Surface Soil Pathways 

Exposu~ to soil onsite was evaluated under both residential and industrial (site worker) scenarios. 

For these scenarios, the incidental ingestion, dennal contact, and inhalation exposure pathways 

were evaluated. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed sepamtely to address child and adult exposure. Tables 10.4.29 and 10.4.30 present the 

computed carcinogenic risks and/or HQs associated with the incidental ingestion of and dermal 

contact with site sudace soils, respectively. Table 10.4.3 1 presents the carcinogenic risks and/or 

HQs associated with indirect exposure to VOCs emanating from surface and subsurface soil. 
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Table 10. 4.30 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Dermal Contact With Surface Soil 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Aluminum 0.2 0.2 NA 1 0.0030 0.0098 ND 1 0.0021 N D 

Oral RfD Oral SF 
Dermal Used Used 

Chemical Adjustment (mag-day)  (mag-day)-] 

NOTES: 
NA Not available 
ND Not Determined due to lack of available information 
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Pan A 
ILCR Incremental Lifetime Cancer Risk 
- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based 

on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI) 

Future Future Future 
Resident adult Resident child Resident iwa 

Hazard Quotient Hazard Quotient lLCR 

SUM Hazard IndedILCR 

Future Future 
Worker adult Worker adult 

Hazard Quotient ILCR 

0.003 0.01 ND 0.002 ND 



Table 10.4.31 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Inhalation of Volatile Organic Chemicals Eminating from Soil 
A W  607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

NOTES: 
NA Not available 
ND Not Determined due to lack of available information 
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime Cancer Risk 

Future Future 
Worker adult Worker adult 

Hazard Quotient ILCR 

N D  2.OE-07 

ND 2E-07 

Inhalation Rf Inhalation SF 
Used Used 

Chemical (mgkg-day) (mglkg-day)-1 

Vlnyl Chloride N A 0.3 

SUM Hazard Index/lLCR 

Future Future Future 
Resident adult Resident child Resident lwa 

Hazard Quotient Hazard Quotient ILCR 

ND ND 4.5E-07 

ND ND 4E-07 
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Hypothetical Site Residents 

The computed hazard index for the adult and child resident were 0.01 and 0.1, respectively, for 

the soil ingestion pathway. The computed hazard index for the adult and child dermal contact 

pathways were 0.003 and 0.01, reqm%vely. The lifetime weighted average ILCR for the indirect 

inhalation pathway was calculated to be 4E-07. Results from the residential scenario are 

considered to be conservatively representative of the recreational and trespasser scenarios. 

Hypothetical Site Workers 

Hazard indices for the ingestion and dermal pathways were 0.002 and 0.002, respectively. The 

ILCR was calculated to be 2E-07 based on the indirect inhalation pathway. 

Groundwater Path ways 

Exposure to shallow groundwater onsite was evaluated under both residential and industrial 

scenarios. The groundwater exposure pathways were evaluated assuming that site groundwater 

will be used for potable and/or domestic purposes and that an unfiltered well, drawing from the 

surficial aquifer, will be installed. For noncarcinogenic contaminants evaluated relative to future 

site residents, hazard was computed sepmtely for child and adult receptors. Tables 10.4.32 and 

10.4.33 present the risk and hazard for the exposure pathways. 

Hypothetical Site Residents 

For the ingestion and inhalation pathway, the lifetime weighted average ILCRs were computed 

to be 2E-02 and 9E-04, respectively. For the ingestion pathway the primary contributor was 

tetrachloroethene. Secondary contributors to the ingestion pathway include arsenic, 

chloromethane, 1, ldichloroethene, pentachlorophenol, trichloroethene, and vinyl chloride. For 

the inhalation pathway, the primary contributors are tetrachloroethene, trichloroethene, and vinyl 

chloride, with a secondary contribution from 1 , 1 -dichloroethene. 



Table 10.4.32 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Groundwater Ingestion 
AOC 607 
Naval Bast Charleston, Zone F 
Charleston South Carolina 

NOTES: 
NA Not available 
ND Not Determined due to lack of available information 
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime Cancer Risk 

Oral RfD Oral SF 
Used Used 

Chemical (mgikgday) (mgkgday)l 

Aluminum (Al) 1 NA 
Antimony (Sb) 0.0004 NA 
Arsenic (As) 0.0003 1.5 
Chloromethane N A 0.013 
Chromium (Cr) 0.005 NA 
1,l-Dichloroethene 0.009 0.6 
1.2-Dichlomethene (total) 0.009 NA 
Lead (Pb) N A N A  
Pentachiorophenol 0.03 0.12 
Tetrachloroethene 0.01 0.052 
Trichloroethene 0.006 0.01 1 
Vanadium (V) 0.007 N A 
Vinyl chloride N A 1.9 

SUM Hazard Index'ILCR 

Future Future Future 
Resident adult Resident child Resident lwa 
Hazard Quotient Hazard Quotient ILCR 

0.21 0.50 ND 
0.15 0.35 ND 
3.7 8.5 9.OE-04 
ND ND 2.0E-06 
0.20 0.46 ND 

0.0061 0.014 1.8E-05 
1.3 3.1 ND 
ND ND ND 

0.0027 0.0064 5.4E-06 
67 157 1.9E-02 
3 8 1.2E-04 

0.34 0.79 ND 
ND ND 2.OE-04 

76 178 2E-02 

Future Future 
Worker adult Worker adult 

Hazard Quotient ILCR 

0.076 ND 
0.054 ND 
1.3 2.1E-04 
ND 4.55-07 

0.070 ND 
0.0022 4.2E-06 
0.47 ND 
ND ND 

0.001 0 1.3E-06 
24 4.5E-03 
I .2 2.8E-05 

0.12 ND 
ND 4.6E-05 

27 5E-03 



Table 10.4.33 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Inhalation of Contaminants in Groundwater Resulting from Domestic Use 
AOC 607 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

NOTES: 
NA Not available 
ND Not Determined due to lack of available information 
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A 
ILCR Incremental Lifetime Cancer Risk 

Future Future 
Worker adult Worker adult 

Hazard Quotient lLCR 

ND 2.2E-07 
0.0022 1.2E-06 
0.47 ND 
24 1.7 E-04 
1.2 1.5E-05 
ND 7.3E-06 

26 2E-04 

Inhalation R1D Inhalation SF 
Used Used 

Chemical (mgkg-day) (mgkg-daykl 

Chloromethane N A 0.0063 
1,l-Dichloroethene 0.009 0.175 
1,2-Dichloroethene (total) 0.009 NA 
Tetrachloroethene 0.01 0.00203 
Trichloroethene 0.006 0.006 
Vinyl chloride NA 0.3 

SUM Hazard I n d e f i C R  

Future Future Future 
Resident adult Resident child Resident Iwa 

Hazard Quotient Hazard Quotient lLCR 

ND ND 9.58-07 
0.0061 0.014 5.3E-06 

1.3 3.1 ND 
67 157 7.5B-04 
3.3 7.7 6.6E45 
ND ND 3.2E-05 

72 168 9E-04 
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Hazard indices for the adult and child resident are 76 and 178, respectively, for the ingestion 

pathway and 72 and 168, respectively, for the inhalation pathway. The primary contributor to the 

ingestion pathway is tetrachloroethene. Secondary contributors to the ingestion pathway include 

aluminum, antimony, arsenic, chromium, 1,2-dichloroethene (total), trichloroethene, and 

vanadium. The primary contributor to the inhalation pathway is the tetrachloroethene with 

secondary contributions from 1,2-dichloroethene (total) and trichloroethene. 

Hypothetical Site Workers 

For the ingestion and inhalation pathways, the lifetime weighted average ILCRs were computed 

to be 5E-03 and 2E-04, respectively. The primary contributor to the ingestion pathway was 

tetrachloroethene. Secondary contributors to the ingestion pathway include arsenic, 1 , l -  

dichloroethene, pentachlorophenol, trichloroethene, and vinyl chloride. For the inhalation 

pathway, the primary contributor was also tetrachloroethene with secondary contributions from 

I, 1 -dichloroethene, trichloroethene, and vinyl chloride. 

The ingestion and jnhalation pathway hazard indices were computed to be 27 and 26, respectively. 

The primary contributor to the ingestion pathway was tetrachloroethene. Secondary contributors 

to the ingestion pathway include arsenic, 1,2-dichloroethene (total), trichloroethene, and 

vanadium. The primary contributor to the inhalation pathway was tetrachloroethene with 

secondary contributions from 1,l-dichloroethene and trichloroethene. 

had  Toxicity 

Background 

Currently, USEPA has not established an SF reference dose for lead. USEPA beLieves that the 

available studies in animals and humans do not provide sufficient quantitative information for their 

calculation. Although lead is currently classified as a B2 carcinogen, USEPA considers the 

noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 
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establishing health-based environmental cleanup objectives. The neurotoxic effects of chronic 

low-level lead exposure in children may occur at blood levels as low as 10 pg/dL. 

In the absence of lead health criteria, USEPA Region IV's Office of Health Assessment sanctions the 

use of the Lead UptakeBiokinetics Model (Version 0.99d) (Lead Model) to predict mean blood lead 

levels in children based on exposure to impacted environmental media. An alternative assessment 

was also provided using USEPA'S Interim Approach to Assessing Risk Associated with Adult 

Exposures to Lead in Soil (December 1996) (Adult Lead Model) to evaluate health impact of lead 

under the more likely future industrial scenario. These models were used to assess the potential 

health effects of elevated lead levels reported in groundwater at AOC 607. Lead was detected 7 

of 16 groundwater samples taken from AOC 607 monitoring wells during first quarter sampling. 

Both the maximum detected concentration (99.7 pg/L) and the mean detected concentration (39 

pg/L) are above the TTAL of 15 pg/L. 

Future Residential Scenario 

Lead model default concentrations were used for exposure to air (0.1 Pb grams per cubic meter 

[g/m3]) and maternal blood lead level (2.5 Pb per pg/dL). The maximum lead concentration 

(Table 10.4.23; 99.7 pgIL) was used as the input for drinking water and the maximum 

concentrations of lead in soil (Table 10.4.19; 33.1 mgikg) was used as the input for soil and house 

dust. The Lead Model was run for a child ages 0-7 years using the inputs listed above. 

Table 10.4.34 presents the lead model output under these exposure conditions. 

Figure 10.4-40 shows the probability percentage of blood lead levels for the hypothetical child 

receptor. Based on this model output the geometric mean blood concentrations is estimated to be 

8.4 pg/dL, and the probability of blood lead concentration exceeding 10 pg/dL is 34 % . USEPA 

generally considers that media concentrations resulting in probability percentage estimates of 5 % 

or less sufficiently protect potential child receptors. As a result, groundwater lead would require 



Table 10.4.34 
Lead Model Results - Future Residential Scenario 

AOC 607 
NAVBASE - Charleston, Zone F 

Charleston, South Carolina 

LEAD MODEL Version 0.99d 
AIR CONCENTRATION: 0.100 ug PbJm3 DEFAULT 

Indoor AIR Pb Conc: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age Time Outdoors @r) Vent. Rate (m3lday) Lung Abs. (%) 
0- 1 1 .O 2.0 32.0 
1-2 2.0 3 .O 32.0 
2-3 3.0 5.0 32 .O 
3-4 4.0 5.0 32.0 
4-5 4 .O 5 .O 32.0 
5-6 4 .O 7.0 32.0 
6-7 4.0 7 .O 32.0 

DIET: DEFAULT 
DRINKING WATER Conc: 99.70 ug PWL WATER Consumption: DEFAULT 

SOIL & DUST: 
Soil: constant conc. 
Age Soil (ug Pblg) 
0- 1 200.0 
1-2 200.0 
2-3 200.0 
3 -4 200.0 
4-5 200.0 
5-6 200.0 
6-7 200.0 

Dust: constant conc. 
House Dust (ug Pb/g) 

200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 

Additional Dust Sources: None DEFAULT 
PAINT Intake: 0.00 ug Pb/day DEFAULT 

MATERNAL CONTRIBUTION: Infant Model Maternal Blood Conc: 2.50 ug Pb/dL 
CALCULATED BLOOD Pb and Pb UPTAKES: 

Blood Total SoillDust Diet Water Paint Air 
Level Uptake Uptake Uptake Uptake Uptake Uptake 

YEAR (ug/dL) (uglday) (uglday) (@day) (ug/day (uglday) (uglday) 
- - - - - - -- - ----------A **---*-*--** ------------ ----------- ----------- ------------ ------------ 

0.5-1: 8 .O 15.00 4.28 2.32 8.38 0.00 0.02 
1-2: 11,O 27.93 6.29 2.24 19.36 0.00 0.03 
2-3 : 10.8 29.73 6.45 2.58 20.64 0.00 0.06 
34 :  10.6 30.85 6.62 2.55 21.60 0.00 0.07 
4-5: 10.1 30.73 5.05 2.53 23.08 0.00 0.07 
5-6: 9.7 32.06 4.61 2.70 24.66 0.00 0.09 
6-7: 9.1 32.83 4.39 3.01 25.33 0.00 0.09 



1 I I 

C u t  off : 10 .BB u q / d L  - 
G e o  Mean <GM) = 8.4 
Infcrseot: 3 4 . 8 2  % - 

80 - - 

78 - - 

w 
Z - w 60 - 
u 
P: 

2 - 
% 5 e -  
c.l 
n 

i 
m 48  

- - 
u 
PI 
0 
P: 
& 38 - - 

28  - - 

10 - - 
I I 

- 

8 -. 1 I I I I I 
I 

B s le 15 28  25 30 

LEAD 0 .99d BLOOD LEnD CONCENTRfiTION € u g / d L )  
8 t o  84 Months 

RCRA FACILITY 
INVESTIGATION REPORT 
NAVAL BASE CHARLESTON 

FIGURE 10.1-10 
PROBABILITY DISTRIBUTION OF BLOOD 

LEAD LEVELS FOR CHILD 0-7 YEARS 
RESIDENTIAL SCENARIO - AOC 607 

-----.. . 



Zone F RCRA Facility Investigation Repors 
NAWASE Charleston 

Section 10 - Site Spec@c Evaluations 
Revision: 0 

corrective action under this hypothetical exposure scenario. The maximum detected concentration 

of lead detected in surface soil was below the action level of 400 mgfkg. 

COCs Identified 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 

for this site. USEPA has established a generally acceptable risk range of 1E-04 to 1E-06, and a 

hazard index threshold of 1.0 (unity). As recommended by SCDHEC, a COC was considered to 

be any chemical contributing to a cumulative risk level of 1E-06 or greater and/or a cumulative 

hazard index above 1.0, and whose individual ILCR exceeds 1E-06 or whose hazard quotient 

exceeds 0.1. For carcinogens, this approach is relatively conservative, because a cumulative risk 

level of 1E-04 (and individual ILCR of 1E-06) is recommended by USEPA Region IV as the 

trigger for establishing COCs. The COC selection method presented was used in order to provide 

a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 

noncarcinogenic hazard during the remedial goal options development process. Table 10.4.35 

provides a summary of COCs identified in each medium based on contribution to cumulative 

E C R  or hazard index. 

Surface Soils 

Hypothetical Site Residents (future land use) 

No soil pathway COCs were identified based on the residential scenario. Since the residential 

scenario is considered the most conservative exposure scenario, no soil pathway COCs would be 

expected under future recreational or current trespasser scenarios. 

Hypothetical Site Workers (future land use) 

No soil pathway COCs were identified based on the industrial pathway. Since cumnt exposure 

to surface soil is limited in comparison to proposed future Iand use scenarios due to paved areas 
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and areas currently mupied by buildings, no soil pathway COCs wodd be expected under current 

industrial land use. 

Groundwater 

Hypothetical Site Residents (future land use) 

Aluminum, antimony, arsenic, chromium, 1,2dichlomthene, tetrachloroethene, trichloroet hene, 

and vanadium were identified as groundwater COCs based on their contribution to cumulative 

hazard index. Arsenic, c h l o m m ~ e ,  1 , 1 dichlorwthene, pentachlorophenol, tetrachloroet hene , 

trichloroethene, and vinyl chloride were identifed as COCs based on their contribution to 

cumulative ILCR. Lead was identified as a COC based on the outcome of the USEPA Lead 

Model. 

Hypothetical Site Workers (future land use) 

Arsenic, 1,2-dichloroethene, tetrachloroethene, trichloroethene, and vanadium were identified as 

groundwater COCs for this scenario based on their contribution to cumulative hazard index. 

Arsenic, 1 , 1 -dichloroethene, pentachlorophenol, tetrachloroethene, trichloroethene, and vinyl 

chloride were identzted as COCs based on their contribution to cumulative ILCR. 

10.4.8.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV and SCDHEC when assessing potential future and current exposure. The exposure 

assumptions made in the site worker scenario are highly protective and would tend to overestimate 

exposure. Current site workers are not exposed to site groundwater, nor is site groundwater used 

as a source of water for any p u p s e  at this time. Without a completed exposure pathway, no risk 

or hazard is posed by the reported groundwater conditions. 
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Residential use of the site is not expcted, based on current site uses and the nature of surrounding 

buildings. Current base reuse plans call for the redevelopment of Zone F to either a 

commercial/industria1 area or a recreational area. If the AOC 607 area were to be used as a 

residential site, the buildings would be demolished, asphalt surface removed, and the surface soil 

conditions would likely change dramatically. Consequently, exposure to current surface soil 

conditions would not be likely under a true future residential scenario. These factors indicate that 

exposure pathways assessed in this IMRA would generally overestjmate the risk and hazard posed 

to current site workers and future site residents. Residential site use is considered protective of 

both the recreational and trespasser scenarios. 

Groundwater is not currently used at AOC 607 for potable or industrial purposes. A basewide 

system provides drinking and process water to buildings throughout Zone F. This system is 

planned to remain in operation under the current base rase plan. As a result, groundwater would 

not be expected to be used as resource under future site use scenarios. Therefore, the scenario 

established to project risldhazard associated with groundwater exposure is highly conservative, 

and associated pathways are not expected to be completed in the future. 

Determination of Exposure Point Concentrations 

A 95 % UCL or maximum concentrations were applied as EPCs used to estimate risk and hazard 

for each soil COPC. As a result, it is unlikely that the EPC is exceeded by the true mean soil 

concentration for any soil COPC. 

EPCs for the groundwater pathways were set equal to the arithmetic mean in the most 

concentrated area of the plume or the 95 % UCL, both of which were calculated on first quarter 

sampling data with substitution of one-half of the SQL for nondetects. Since no distinct plume 

could be identified for any of the inorganic COPCs all of which were ubiquitous in the AOC 607 

surficial aquifer, 95 % UCLs were calculated to serve as EPCs. In some cases, data variability 

caused the 95% UCL to exceed the maximum detected concentration. In such cases, the 
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maximum detected concentrations served as the EPC. Use of 95% UCLs and maximum 

concentntions as EPCs would tend to result in overestimation of risk and hazard associated with 

groundwater pathways. A plume of chlorinated solvents was identified just to the southwest of 

Building 1189. The most concentmted area of this plume was represented by monitoring wells 

607006 and 607061 which reported sigmficantly higher concentrations of 1,l-dichloroethene, 1,2- 

dichlomethene, tetrachloroethene, trichloroethene, and vinyl chloride than groundwater samples 

collected from other monitoring wells. In accordance with USEPA Region IV guidance, the EPCs 

for these chlorinated VOCs were calculated as the arithmetic mean of the data from these two 

monitoring wells. It is USEPA's contention that since most groundwater monitoring arrays are 

designed to identify fringes or uncontaminated areas of a plume, use of all of the groundwater data 

generated from such arrays would tend to underestimate the concentration in the plume. 

Chlommethane and pentachlomphenol were only detected in one first quarter groundwater sample 

in areas not related to the chlorinated VOC plume, and as a result, the sample detected 

concentrations served as their EPCs. 

Quantfication of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 

would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

A conservative screening process was used to identi@ COPCs for AOC 607. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For carcinogens 

the RBCs are based on a conservative target risk of 1E-06. Use of conservative RSCs in combination 

with the use of maximum detected concentrations minimizes the likelihood of a significant 

contribution to riskhazard based on eliminated CPSSs. Of the CPSSs screened and eliminated from 
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formal assessment, none was reported at a concentration close to the RBC (e.g. within 10% of their 

RBCs). Arsenic, beryllium, and manganese were detected at maximum concentrations exceeding 

their corresponding RBCs and were eliminated based on comparison to their corresponding 

background concentrations. Wilcoxon rank sum test analysis conFrrms that site concentrations of 

these inorganics were within background concentrations. 

Although the future land use of AOC 607 is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. Current base reuse plans call for development of Zone 

F into a c0nune~~iaVindustrial or recreational area. As previously discussed, it is likely that these 

scenarios would lead to overestimates of risk and/or hazard under any future use scenario. 

Groundwater 

None of the CPSSs screened and eliminated from formal assessment was reported at a 

concentration within approximately 10% of its RBC. Beryllium and manganese were eliminated 

from formal assessment based strictly upon comparison to background reference concentrations. 

WiZcoxon rank sum test analysis would not have yielded useful information due to the fact that 

their were too few background data points for groundwater. 

Groundwater is not currently used as a potable water source at AOC 607, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

10.4.8.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 607 were assessed for the hypothetical site 

worker and the hypothetical future site resident under reasonable maximum exposure assumptions. 
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For surface soils, the incidental ingestion and dermal contact pathways were assessed in this 

HHRA. Additionally, indirect inhalation exposure to VOCs emanating from soils was addressed. 

The ingestion and inhalation pathways were evaluated for shallow groundwater. 

To add perspective to the AOC 607 HHRA point risk and hazard maps are presented below. Point 

risk maps are based on the unlikely assumption that potential future site resident will be chronically 

exposed to specific points. Exposure to surface soil conditions is more likely the result of uniform 

exposure to the soil conditions over the entire site rather than specific points. Risk maps are still 

useful because they allow the reader to visualize the contribution of risk or hazard index due to 

individual COCs. 

Soil 

Since no COCs were identified for AOC 607 soil pathways, risk maps are not wananted. 

Groundwater 

Figures 10.4-41 and 10.4-42 illustrate point risk and hazard for AOC 607 first quarter 

groundwater under a residential scenario. Table 10.4.36 details the individual contributors to risk 

and hazard at each monitoring well location. Concentrations arsenic in groundwater contributed 

to the most widespread occurrence of risk estimate in excess of 1E-06, accounting for nearly 

100% of the risk projections in the samples collected from monitoring wells 60701D, 607002, 

607021, 60702D7 607031, 60703D, 607004, 607041, 60704D, 60705D, 607007, and 607009. 

Risk estimates rehted to arsenic concentrations ranged from 7E-05 (first quarter sample collected 

from 607006) to 2E-03 (fmt quarter sample collected from 607004). Concentrations of 

chlorinated VOCs in groundwater contribute nearly 100% of the risk projections associated with 

samples CON& from monitoring wells 607006, 607061, and 607008. Risk estimates related to 

chlorinated VOC concentrations ranged from 4E-02 (fast quarter sample collected from 607006) 

to 3E-03 (first quarter sample 
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Table 10.4.36 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Site Location Quarter Parameter Units Concenbation Hazard Index % HI Risk ( E G )  % Risk 

1 , 1 -Dichloroethene 
1,2-Dichloroethene (total) 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
Lead (P b) 
Pentachlorophenol 
Tetrachlomethene 
Trichloroethene 
Vanadium (V) 

UGlL 
UG/L 
UG/L 
UG/L 
UG/L 
UGIL 
UWL 
UGlL 
UGlL 
UGIL 
UGlL 
UGlL 

Vinyl chloride UGlL 
Total 

t ,I -Dichloroethene 
1,2-Dichloroethene (total) 
Aluminum (A) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 

UGIL 
UOIL 
UGIL 
UGIL 
UGIL 
UGlL 
U GlL 
UGiL 
U GlL 
UGlL 
U GlL 
U GlL 

607 011 01 Vinyl chloride U GlL 
Total 

607 01D 01 
607 01D 01 
607 01D 01 
607 01D Of 
607 010 01 
607 OlD 01 
607 010 01 
607 OlD 01 
607 OlD 01 
607 01D 01 
607 01D 01 
607 OlD 01 
607 01D 01 

1,1 -Dichloroethene 
1,2-Dichloroethene (total) 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetnchloroethene 
Trichloroethene 
Vanadium (V) 

UGlL 
UWL 
UGlL 
UGIL 
UGlL 
UGIL 
UGIL 
UGlL 
UGIL 
UGIL 
UGIL 
UGIL 

Vinyl chloride UGlL 
Total 

607 002 01 1 ,l -Dichloroethene UGlL ND N A N A 
607 002 01 1,2-Dichloroethene (total) UG/L ND N A N A 
607 002 01 Aluminum (AT) UGIL 132 0.0084 0.40 N A 
607 002 01 Antimony (Sb) UGIL ND N A N A 
607 002 01 Arsenic (As) UG/L 9.0 2.0883 98.51 218.6301 100.00 
607 002 01 C hlorornethane UG/L ND N A N A 



Table 10.4.36 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Site Location Quarter Parameter Units Concentration Hazard Index % HI Risk (E-06) % Risk 

607 002 01 Chromium (Cr) UGlL 1.81 0.0nl  1.09 N A 
607 002 01 Lead (Pb) UGIL ND N A N A 
607 002 01 Pentachlorophenol UG/L ND N A N A 
607 002 01 Tetrachbroethene UG/L ND N A N A 
607 002 01 Trichloroethene UGlL ND N A N A 
607 002 01 Vanadium (V) UG/L ND N A N A 
607 002 01 Vinyl chloride UG/L 

Total 

1 ,I -Dichlor&ene UWL 
I ,2-Dichloroethene (total) UG/L 
Aluminum (A) UWL 
Antimony (Sb) UG/L 
Arsenic (As) UGlL 
Chloromethane UGtL 
Chromium (Cr) UGlL 
Lead (Pb) UG/L 
Pentachlorophenol UGlL 
Tehchloroethene UGlL 
Trichloroethene UGlL 
Vanadium (V) UGlL 
Vinyl chloride UGlL 

Total 

I , l  -Dichloroethene 
1,2-Dichloroethene (total) 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
Lead (Pb) 
Penfachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium M 

U GlL 
UGlL 
U GlL 
UGlL 
U GlL 
U GlL 
UGlL 
UGIL 
UGIL 
UGlL 
UG/L 
UGlL 

Vinyl chloride UGlL 
Total 

1 , 1 -Dichloroethene 
1,2-Dichloroethene (total) 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chbrornethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 

UGIL 
UGlL 
UGlL 
UGlL 
UGtL 
U GlL 
U GlL 
UGIL 
UGlL 
UGlL 
UGIL 
UGIL 



Table 10.4.36 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Concentmtion Hazard Index % HI Risk (E-06) % Risk Site Location Quarter Parameter Units 

607 003 01 Vinyl chloride UGlL 
Total 

1, I -Dichloroethene 
1,Z-Dichloroethene (total) 
Aluminum (A) 
Antimony (Sb) 
h n i c  (As) 
Chloromethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 

UGIL 
UGIL 
UGIL 
UGIL 
UGlL 
UGIL 
UGlL 
UGIL 
UGIL 
UGIL 
UGIL 
UGIL 

Vinyl chloride UGlL 
Total 

1 ,I -0ichloroethene 
1,2-Dichloroethene (total) 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chlorornethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V1 

UGIL 
UGlL 
UGlL 
U GlL 
UGIL 
UGIL 
UGIL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 

Vinyl chloride. UGlL 
Total 

1 , I  -Dichloroethene 
1,2-Dichloroethene (total) 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chioromethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 

UGIL 
UGlL 
UGIL 
U GlL 
U GlL 
UGIL 
UG/L 
UGlL 
UGlL 
UGlL 
UG/L 
UGIL 

Vinyl chloride UGlL 
Total 

607 041 01 1,l -Dichloroethene UGIL 
607 041 01 1,2-Dichloroethene (total) UGlL 
607 041 01 Aluminum (Al) UGlL 



Table 10.4.36 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 607 
NAVBASE - Chahton, Zone F 
Charleston, South Carolina 

Site - Location Quarter Parameter 

Antimony (Sb) 
Arsenic (As) 
Chlcuomethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichlaroethene 
Vanadium [VI 

Units Concentration Hazard Index 

UG/L 
UGJL 
UGJL 
UGIL 
UWL 
UGlL 
UWL 
UG/L 
UGlL 

vinyl ch~oribi UGIL 
Total 

1 ,I -Dihlomethene 
1,2-Dihloroethene 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 

UGlL 
UGlL 
UG/L 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 

607 040 01 Vinyl chloride UGlL 
Total 

1,1 -Dichloroethene 
1,2-Dichloroethene (total) 
Aluminum (A) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
Lead (Pb) 
Pentachtorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 

U GIL 
UGIL 
UG/L 
UWL 
UGlL 
U GlL 
U GlL 
U GlL 
UG/L 
UGIL 
UG/L 
UGlL 

Vinyl chloride UGlL 
Total 

I ,I -Dichloroethene 
I ,2-Dichloroethene (total) 
Aluminum (4) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
Lead (Pb) 
Pentachlomphenol 

UGlL 
UGIL 
UGIL 
UG/L 
UGlL 
U GlL 
UGlL 
U GlL 
U GlL 

% HI Risk (E-06) % Risk 



Table 10.4.36 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

site - Location Quarter Parameter Units Concentration Hazard Index % HI Risk (E-06) % Risk 

006 01 Tetrachlormthene U GlL 45000 !5'5.3425 93.44 36160.9786 98.07 
006 01 Trichloroethene UGlL 1300 27.7017 4.50 328.6888 0.89 
006 01 'Vanadium (V) U GlL ND N A N A 
006 01 Vinyl chloride UGlL 

Total 

061 01 1, l  -Dichloroethene UGll  2 0.0284 0.05 23.0528 0.69 
061 01 1,2-Dichloroethene (total) UGlL 24 0.3409 0.61 N A 
061 01 Chloromethane UGlL NO N A N A 
061 01 Tetrachloroethene UGlL 41 00 52.4201 93.63 3294.6669 98.1 8 
061 01 Trichloroethene UGIL 150 3.1963 5.71 37.9256 1.13 
061 01 Vinyl chloride UGIL 

Total 

060 01 1, l  -Dichiomethene UGIL ND N A 
06D 01 1,2-Diihloroethene (total) UG/L ND N A 
06D 01 Chloromethane UG/L ND N A 
06D 01 Tetnchloroethene UG/L ND N A 
06D 01 Trichloroathene UGlL ND N A 
060 01 Vinyl chloride UGlL 

Total 

1 , l  -Dichloroethene UGlL 
1,2-Dichbroethene (total) UGlL 
Atuminum (A) U GlL 
Antimony (Sb) U GlL 
Arrenic (As) U GlL 
Chloromehne U GlL 
Chromium (Cr) U GlL 
Lead (Pb) U GlL 
Pentachlorophenol U GlL 
Tetnchloroethene U GIL 
Trichloroethene U GlL 
Vanadium (V) UGlL 
Vinyl chloride UGIL 

Total 

008 01 1,l -Dichloroethene UGlL ND N A N A 
008 01 1,2-Dichloroethene (total) UGlL ND N A N A 
008 01 Chlararnethane UGlL ND N A N A 
008 01 Tetrachloroethene UGIL 14 0.1790100.00 11.2501 100.00 
008 01 Trichloroethene UGIL ND N A N A 
008 01 Vinyl chloride UGlL 

Total 

009 01 1,1 -Dichloroethene U GlL ND N A N A 
009 01 1,2-Dichloroethene (total) UGJL N D N A N A 
009 01 Aluminum (A) U GIL 781 0 0.4993 6.09 N A 
009 02 Antimony (Sb) UGlL 2.6 0.4155 5.06 N A 
009 01 Arsenic (As) UGIL 28.2 6.0091 73.24 629.1194 1CU.W 
009 01 Chloromethane UGlL N D N A N A 



Table 10.4.36 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Site Location Quarter Parameter Units Concentration Hazard Index % HI Risk (E-06) % Risk 

607 009 01 Chromium (Cr) UG/t 35.6 0.4552 5.55 N A 
607 009 01 Lead (Pb) UGIL 17.4 N A N A 
607 009 01 Pentachlorophenol UGIL ND N A N A 
607 009 01 Tehchloroethene UGIL ND N A N A 
607 009 01 Trichloroethene UGIL ND N A N A 
607 009 01 Vanadium (V) UGIL 90.4 0.8256 10.06 N A 
607 009 01 Vinyl chloride U GIL ND NA N A 

Total 8.2047 629.1 1 94 
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collected from 60706I). Pentachlorophenol was the sole contributor to the risk projection of 

5E-06, associated with the first quarter sample collected from monitoring well 607003. 

As with risk, concentrations of arsenic accounted for the most widespread occurrence of hazard 

index estimates above unity, Aluminum, antimony, chromium (assumed to be hexavalent), and 

vanadium were minor contributors to hazard index projections for AOC 607 groundwater. 

Groundwater samples collected from monitoring wells 607004, 607006, and 607061 reported 

concentrations of chlorinated VOCs which were associated with hazard indices above unity. 

10.4.8.8 Remedial Goal Options 

SoiI 

No soil COCs were identifed for AOC 607, and as a result, no RGOs were calculated. 

Groundwater 

Shallow groundwater RGOs based on site residents and site workers are shown in Table 10.4.37. 

For carcinogens, RGOs were based on the lifetime weighted average site resident and adult site 

worker, respectively. Hazard-based RGOs were calculated based on either the hypothetical child 

resident or the adult site worker. 

10.4.9 Corrective Measures Considerations 

For AOC 607, the upper and lower soil intemals and shallow, intermediate, and deep groundwater 

were investigated. A total of 10 soil samples were collected from the upper and 9 soil samples 

were collected from the lower intends, with nine of the ten samples collected beneath an asphalt 

or concrete pavement, or inside a building. Based on the analytical results and the human health 

risk assessment, COCs requiring further evaluation through the CMS process was identified for 

the shallow, intermediate, and deep groundwater. However, residential use of the site is not 



Table 10.4.37 
Remedial Goal Options Groundwater 
AOC 607 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Residential-Based Remedial Goal Options 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chlommethane 
Chromium (Cr) 
1,1 -Dichloroethene 
1,2-Dichloroethtne (total) 
IXad (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 
Vinyl chloride 

Worker-Based Remedid God Options 

Background 
Concentration MCL 

mgil mp/l 

Risk-Based 
Remedial Goal Options 
1E-06 1E-05 1E-04 
m d  r n d  rngil 

Oral Oral 
SF RfD EPC 

Chemical (mgkg-day)-1 (mg/kp-day) m f l  

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Chloromethane 
Chromium (Cr) 
I, 1 -Dichlorcethcne 
l,2-Dichloroethene (total) 
Lead (Pb) 
Pentachlorophenol 
Tetrachloroethene 
Trichloroethene 
Vanadium (V) 
Vinyl chloride 

Hazard-Based 
Remedial Goal Options 
0.1 1.0 3 
mp,A mg/l mgll 

NOTES: 
EPC Exposure point concentration 
NA Not applicable 
ND Not determined 

Remedial goal options were based on the residential lifetime weighted average for carcinogens 
and the child resident or site worker for noncarcinogens 

Background 
Concentration MCL 

m pil rn PJI 

Oral Oral 
SF RtD EPC 

Chemical ( mag-day)-1 (mag-day) m gl 

Hazard-Based 
Remedial Goal Options 
0.1 1.0 3 

m m g'l rn e/l 

Risk-Based 
Remedial Goal Options 

1 E-06 1 E-05 1 E-04 
m pJI m fi m fi 
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expected, based on current site uses and the nature of surrounding buildings. Current reuse plans 

call for continued commerciaVindustria1 use. The site is paved with asphalt. 

No compounds were idenMied as COCs in the upper soil interval. 

Numerous COCs were identified in the groundwater for AOC 607. Chloromethane, 1,l-  

dichlomethene, 1,2dichloroethene, pentachlorophenol, tetrachloroet hene, bichloroethene, vinyl 

chloride, amnic, lead, and vanadium were identified in either the shallow, intermediate, or deep 

groundwater at AOC 607. The groundwater pathway cumulative residential exposure risk is 

2E-02 and cumulative HI is 346 (resident child). The residential exposure risk and KI exceed 

USFiPA's acceptable ranges of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI. 

Residential RGOs for groundwater set for arsenic, chloromethane, 1 , 1 -dichloroethene, 1,2- 

dichlorethene (total), pentachlorophenol, tetrachloroethene, trichloroethene, and vinyl chloride 

were 0.000044, 0.0034, 0.00011, 0.00058, 0.00055, 0.0013, 0.00074, and 0.000030 mg/L, 

respectively, based on a target risk of 1E-06. Hazard-based RGOs for groundwater for lead and 

vanadium were 0.015, and 0.11 rng/L, respectively, based on a target HI of 1. Potential 

corrective measures, in addition to no further action for shallow, intermediate and deep 

groundwater, and respective COCs, are presented in Table 10.4.38. Corrective measures are 

described in Section 9. 
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Table 10.438 
Pot& Corrective Me~snres for AOC 607 

Medium 

ShaIlow Qmundwater Awnic, 1,ldiohlo-, 1,s a) N b  A&on 
dichhmehne (totar), W, b) b W c  rsa#diation and mDnitoring 
p ~ l o z o p h & ,  %ew&lden8, c] tnJjtu, chdcnl, biologicd, and 
t r i c h l d u r e ,  v ~ d i u m ,  vipjrI chtotide phy~iE.1 rreament 

d) Ex-ritu, c h d d  a d  phyaicd 
tmaanew 

Intermediate Groundwater Arsenic, 1, ldichlometbene, a) No Action 
tetrachlorosthene, trichlomethene b) Intrinsic remediation and monitoring 

c) In-situ, chemical, biological, and 
physical treatment 

d) Ex-situ, chemical and physical 
treatment 

Decp Oiwndaratar MC, chlorondwe. lad,  a) Nu Action 
t e t r d d d  b) h t r h i c  &a€ion and monitoring 

C) In-ah, &anid, biological, end 
phyaicd ~~t 

d) Ex+itrr, ch& and physiul 
tnrzmcnt 
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